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METHODS  OF  ANALYZING  COAL  AND  COKE 


By  F.  M.  Stanton,2  A.  C.  Fieldner,3  and  W.  A.  Selvig  4 


FOREWORD 


This  paper,  first  published  in  January  1912,  was  revised  and  en- 
larged in  the  edition  of  June  1913  to  include  more  detailed  information 
concerning  the  sampling  and  analytical  methods  then  used  by  the 
Bureau  of  Mines.  The  revised  editions  of  1926  and  1929  incorporated 
various  improvements  and  modifications  in  laboratory  procedures 
that  had  been  made  in  the  existing  methods  as  well  as  a  number  of 
additional  methods.  The  present  revision  includes  some  changes  in 
the  various  analytical  procedures  as  given  in  the  1929  edition  and,  in 
addition,  methods  for  the  determination  of  sulphur  forms  and  of 
carbon  dioxide  in  coal,  the  agglomerating  index  of  coal,  and  iron  forms 
in  coal-ash  slags  and  clinkers,  as  well  as  methods  for  the  analysis  of 
coal  and  coke  ashes.  The  Bureau  hopes  that  the  paper  in  its  present 
form  will  be  of  value  to  all  persons  interested  in  the  analysis  of  coal 
and  coke. 

INTRODUCTION 

The  Bureau  of  Mines  has  received  many  requests  for  information 
concerning  the  methods  its  laboratories  use  for  analyzing  coal  and 
coke  and  determining  their  heating  value.  The  fuel  investigations 
now  conducted  by  the  Bureau  of  Mines  had  their  inception  in  the 
work  undertaken  at  the  Government  coal-testing  plant  erected  in 
1904  at  the  Louisiana  Purchase  Exposition  in  St.  Louis,  and  the 
methods  for  proximate  and  ultimate  analysis  of  coal  used  by  the 
Bureau  of  Mines  are  based  on  those  originally  adopted  by  the  chemists 
of  the  coal-testing  plant  and  followed  in  the  subsequent  chemical 
work  of  the  Government  fuel-testing  plants  at  St.  Louis,  Mo.,  Norfolk, 
Va.,  and  Pittsburgh,  Pa.  Grateful  acknowledgment  is  made  of  many 
valuable  suggestions  and  criticisms  received  from  N.  W.  Lord,  late 
director  of  the  School  of  Alines  at  Ohio  State  University,  and  from 
E.  E.  Somermeier,  late  professor  of  metallurgy  at  the  same  university, 
to  whom  the  development  of  many  of  the  methods  for  the  proximate 
and  ultimate  analysis  of  coal  now  used  by  the  Bureau  of  Mines  is 
chiefly  due. 

1  Work  on  manuscript  completed  June  193  . 

2  Former  chemist,  Central  Experiment  Station,  Bureau  of  Mines,  Pittsburgh,  Pa. 

3  Chief  engineer,  Coal  Division,  Bureau  of  Mines,  Washington,  D.  C. 

4  Supervising  chemist,  coal  constitution  and  miscellaneous  analysis  section,  Central  Experiment  Station, 
Bureau  of  Mines,  Pittsburgh,  Pa. 
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2  METHODS    OF    ANALYZING    COAL   AND    COKE 

PREPARATION    OF   LABORATORY   SAMPLE   WITH   PRELIMINARY 

DRYING 

The  coal  samples  are  received  at  the  laboratory  in  zinc-coated  iron 
cans  that  contain  when  full  about  3  pounds  of  coal.  _  Each  can  has  a 
close-fitting  screw  cap  and  is  made  practically  moisture-tight  by  a 
rubber  gasket  and  a  piece  of  electrician's  tape  wrapped  around  the 
joint  between  the  cap  and  the  top  of  the  can.  The  methods  of  col- 
lecting and  shipping  samples  are  described  in  Technical  Papers  1 5  and 
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Figure  1. — Details  of  drying  oven. 


133  6  of  the  Bureau  of  Mines.  As  soon  as  a  sample  is  received  at  the 
laboratory  it  is  given  a  laboratory  number  and  at  once  placed  in  a 
weighed,  zinc-coated  iron  pan  about  10  inches  wide,  12  inches  long, 
and  2  inches  deep.  The  pan  containing  the  sample  is  put  in  a  large 
drying  oven  (fig.  1),  in  which  a  temperature  of  30°  to  35°  C.  is  main- 
tained. Through  this  oven  a  current  of  warm  air  is  drawn  by  means 
of  an  ordinary  desk  fan  mounted  on  top  of  the  oven. 

The  sample  is  dried  under  these  conditions  until  the  loss  in  weight 
between  two  successive  weighings,  made  6  to  12  hours  apart,  does  not 

•  Holmes,  J.  A.,  The  Sampling  of  Coal  in  the  Mine:  Tech.  Paper  1,  Bureau  of  Mines,  1911,  22  pp.     (Re- 
vised in  1918.)  .,„ 

•  Pope,  O.  S.,  Directions  for  Sampling  Coal  for  Shipment  or  Delivery:  Tech.  Paper  133,  Bureau  of  Mines, 
1917,  15  pp.    (Revised  in  1933  by  N.  U.  Snyder;  8  pp.) 
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exceed  0.1  percent  per  hour.  The  purpose  of  this  drying  is  to  reduce 
the  moisture  in  the  sample  to  approximate  equilibrium  with  the  air 
of  the  laboratory  to  prevent  changes  in  moisture  content  when  the 
sample  is  handled  during  crushing  and  analysis. 

The  loss  of  weight  by  air-drying  is  not  regarded  as  an  accurate 
determination,  and  the  "air-drying  loss"  reported  in  an  analysis 
simply  means  that  the  sample  lost  the  stated  percentage  of  moisture 
before  it  came  to  a  condition  of  approximate  moisture  equilibrium 
with  the  air  of  the  room,  at  a  temperature  of  30°  to  35°  C. 


Figure  2.— Mixing  wheel. 

Immediately  after  the  last  weighing  the  entire  sample  is  pulverized 
to  20-mesh  size  quickly  by  being  passed  through  a  roll  crusher.  The 
20-mesh  material  is  then  reduced  with  a  riffle  sampler  to  about  200 
grams.  This  200-gram  portion  is  at  once  put  in  the  porcelain  jar 
(1  gallon  capacity)  of  a  ball  mill,  sealed  airtight,  and  ground  to 
60-mesh  size.  The  jar  is  slightly  more  than  half  full  of  well-rounded 
flint  pebbles,  which  are  about  %  inch  in  diameter,  and  it  makes  45 
to  50  revolutions  per  minute.  The  wear  of  the  pebbles  and  the 
interior  of  the  mill  does  not  increase  the  ash  content  appreciably. 
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Bituminous  coals  require  10  to  20  minutes  .and  anthracite  about 
1  hour  of  rotation  to  be  pulverized  to  60-mesh  size.  Coke  requires 
%  to  1  hour  of  grinding  to  be  pulverized  to  60-mesh  size.7  When 
pulverization  is  complete  the  contents  of  the  jar  are  poured  on  a 
'.-inch,  square-mesh  screen,  the  sample  is  separated  from  the  pebbles 
by  shaking  the  screen  over  a  rubber  mixing  cloth,  and  the  pebbles 
and  the  inside  of  the  jar  are  brushed  carefully  to  remove  any  adhering 
pulverized  coal.  The  sample  is  then  passed  quickly  through  a  60- 
mesh  sieve.  To  minimize  moisture  change  the  sieve  is  keptTcovered 
while  the  sample  is  being  sieved.  Usually  some  coarse  particles, 
amounting  to  0.2  to  0.4  percent  of  the  sample,  remain  on  the  sieve. 
As  these  particles  are  likely  to  consist  largely  of  ash-forming  sub- 
stances, they  are  reduced  to  60-mesh  on  a  bucking  board  and  added 
to  what  passed  through  the  sieve.  Coarse  particles  of  coke  are  re- 
duced to  60-mesh  by  impact  in  a  hard-steel,  diamond  mortar.  The 
sample  is  mixed  quickly  and  then  reduced  to  about  50  grams  by 
passing  it  through  a  small  riffle  sampler.  This  50-gram  portion  is 
put  in  a  rubber-stoppered,  wide-mouthed,  4-ounce  bottle  and  con- 
stitutes the  laboratory  sample.  To  minimize  a  change  in  moisture 
the  mixing  and  reducing  of  the  pulverized  sample  after  removal  from 
the  ball  mill  are  done  with  utmost  dispatch.  The  total  time  elapsing 
from  the  opening  of  the  porcelain  jar  to  the  stoppering  of  the  labora- 
tory sample  bottle  does  not  exceed  3  minutes. 

Before  portions  for  the  various  analytical  determinations  are  weighed 
the  sample  is  thoroughly  mixed.  The  bottle  containing  the  sample 
is  placed  in  the  mixing  wheel 8  shown  in  figure  2  and  rotated  for  20 
minutes.  The  wheel  is  30  inches  in  diameter  and  revolves  25  times 
in  a  minute.  The  sample  bottles  are  held  by  spring  clips  on  the 
periphery  of  the  wheel  at  an  angle  of  45°  with  the  axis.  The  bottles 
should  not  be  more  than  half  filled,  and  the  speed  of  rotation  should 
be  slow  enough  to  prevent  centrifugal  action  from  hindering  the 
thorough  mixing  of  the  powdered  coal. 

METHOD  OF  CALCULATING  AND  REPORTING  ANALYSES 

As  all  the  analytical  determinations  are  made  on  the  air-dried 
sample,  the  analysis  of  the  coal  as  received  at  the  laboratory  is  calcu- 
lated from  the  analysis  of  the  air-dried  coal  in  the  following  manner: 

Calculation  from  analysis  of  "air-dried"  coal  to  coal  "as  received" 

Moisture  9X TKk hair-drying  loss8  —  moisture  9  "as  received." 

it  i  4-i          4.*     ^(100  — air-drying  loss)  .    ...  „  ,, 

Volatile  matter  X t^k — =  volatile  matter    as  received. 

Fixed  carbon X r^ — = fixed  carbon  "as  received." 

AshX TpjTr =  ash  "as  received." 


'  Seivig,  W.  A.,  Methods  of  Laboratory  Grinding  of  Coke  for  Analysis:  Rept.  of  Investigations  2679, 
Bureau  of  Mines  1925,  5  pp. 
•  Designed  by  J.  D.  Davis,  senior  chemist,  Bureau  of  Mines. 
8  All  figures  expressed  in  percent. 
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Q    .    .           (100  — air-drving  loss)  .    .        ..  .      ,  „ 

SulphurX yqq — =sulphur  "as  received. " 

„     ,  ..  (100  — air-drving  loss)  ,,,.,.,  ,      , 

Hydrogen X—  ,qq —         \-}i  air-drying  loss  =  hydrogen  "as  received." 

„                (100  —  air-drving  loss)  ,         ..  .      ,  „ 

Carbon  X r^g — s -  =  carbon  "as  received. 

NT..            .,  (100  —  air-drving  loss)        .,  ,,  . 

NitrogenX- ^0^ — -=nitrogen  "as  received." 

„                 (100  — air-drying  loss)  ,./.,.,  . 

UxygenX ttjq wS  air-dry mg  loss  =  oxygon  "as  received. 

Calories X r^j — =  calories  "as  received." 

A  statement  of  analysis  is  referred  to  a  moisture-free  basis  by  calcu- 
lation from  the  "air-dry"  or  "as  received"  analysis  in  the  following 
manner: 

Calculation  from  "air-dry"  or  "as  received"  analysis  to  "dry  coal' 

Volatile  matter  Xt^tt —. =  volatile  matter  in  "dry  coal." 

100  — moisture  J 

Fixed  carbon  X  ,-777; r-r =fixed  carbon  in  "dry  coal." 

100  — moisture  J 

Ash  X  7777; r— =ash  in  "drv  coal." 

100  — moisture  J 

SulphurXr^?> ="i —  =sulphur  in  "drv  coal." 

r  100  — moisture  l 

(Hydrogen  —  %  moisture)  X  ioQ_moisture  =  hydrogen  in  "dry  coa1-" 

Carbon  X  7777: r-r =  carbon  in  "drv  coal." 

100  — moisture 

XitrogenXBd^i,oWuye=nitrogen  in  "dry  coaL" 

(Oxygen -%  moisture)  X  1oo_moisture==oxygen  in  "dlT  coal." 

Calories  X  77777 =— : —  =  calories  in  "dr\-  coal." 

100  — moisture  J 

For  making  comparisons  coal  analyses  are  sometimes  referred  to 
a  "moisture-  and  ash-free"  basis  by  calculation  from  the  "air -dry," 
"as  received,"  or  "moisture-free"  analyses  in  the  following  manner: 

Calculation  from  "air-dry,"  "as  received,"  or  "moisture-free"  analysis  to  "jnoisture- 

and  ash-free"  basis 

Volatile  matter X  77777 — ; ^~l ; r\  =  volatile  matter  referred  to  "moisture- 

100—  (moisture-)- ash) 

and  ash-free"  basis. 

Fixed  carbon  X  ,  00  _  ,       •  ,  —  ,      ,  .=  fixed  carbon  referred  to  "moisture-  and 
ash-free"  basis. 

Sulphur  X  77777 — 7 — ~^~l 1 TT  =  sulphur  referred  to  "moisture-  and   ash-free" 

1  100— (moisture  +  ash)  * 

basis. 

(Hydrogen  —  %  moisture)  X  TKKZT? ="7 T — rrc=  hydrogen    referred    to   "mois- 
ture- and  ash-free"  basis. 

97977° — 39 2 
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100 

Carbon  Xtt^ — ,       ■  . ; r;  =  carbon    referred    to    "moisture-    and    ash-free" 

100—  (moisture -I- ash) 

basis. 

Nitrogen Xtt^ — ■,       ■  , —      — £-:=  nitrogen  referred  to  "moisture-  and  ash-free" 
100—  (moisture  —  a  - 

ba>  - 

(Oxygen— 9$  moisture)  X  r?^i — 7 cr —   — r\=oxvgen    referred    to    "moisture- 

100—  (moist  ur. 

and  ash-free"  basis. 

Calories X  ,-7^ — 7 r-r : rr=calories  referred   to   "moisture-  and  ash-free" 

100—  (moisture-f;: 

basis. 

Calorific  values  in  calories  are  converted  to  calorific  values  in  British 
thermal  units  (B.  t.  u.)  by  multiplying  by  1.8. 

Coals  are  classified  by  rank,  that  is,  by  their  degree  of  metamorphism 
or  progressive  alteration,  in  the  natural  series  from  lignite  to  anthracite 
in  accordance  with  the  Standard  SpecificationsforClassificationof  Coals 
by  Rankof  the  American  Society  for  Testing  Materials.10  This  scheme  of 
classification  is  based  on  fixed  carbon  and  calorific  value  (expressed  in 
B.  t.  u.)  calculated  to  the  mineral-matter-free  basis.  The  higher- 
rank  coals  are  classified  according  to  fixed  carbon  on  the  dry  basis 
and  the  lower-rank  coals  according  to  British  thermal  units  (B.  t.  u.) 
on  the  "moist"  basis,  which  refers  to  coal  containing  its  natural  bed 
moisture  but  not  including  visible  water  on  the  surface  of  the  coal. 
Calculations  to  the  mineral-matter-free  basis  are  made  in  accordance 
with  formulas  developed  by  Parr,11  as  follows: 

Calculation  from  "moist"  basis  to  "mi rural-matter-free"  basis 

(Fixed    carbon  — 0.15   sulphurj  X77T7; — ,       -  . ,  ,  nQ  „  ,    ,  n rrr — r  =  fixed 

1  100— (moisture-r  108  ash  — O.00  sulphur) 

carbon  referred  to  "dry,  mineral-matter-free"  basis. 

(B.  t.  U.-50  sulphur)X1()0_(108as|i00055sulphu-rB.t.u.  referred  to  "m,.i.-t, 

mineral-matter-free"  basis. 

The  above  formula  for  fixed  carbon  is  derived  from  the  Parr  formula 
for  volatile  matter.  Dry,  mineral-matter-free  volatile  matter  may 
be  obtained  by  subtracting  from  100  the  dry,  mineral-matter-free 
fixed  carbon. 

PREPARATION  OF  LABORATORY  SAMPLE  WITHOUT 
PRELIMINARY  AIR-DRYING 

The  samples  are  received  in  zinc-coated  iron  cans.  If  the  coal  is 
coarser  than  %  inch,  it  is  first  passed  through  a  chipmunk  jaw  crusher, 
which  reduces  it  to  %  inch  and  finer,  and  then  through  a  roll  crusher, 
which  reduces  it  to  20-mesh  fineness.  Immediately  after  the  material 
has  passed  through  the  rolls  a  50-gram  portion  is  taken  for  the  determi- 
nation of  total  moisture.  The  50-gram  portion  is  taken  with  a  spoon 
from  various  parts  of  the  material  and  is  transferred  to  a  rubber- 
stoppered,  4-ounce  bottle.  The  remainder  of  the  sample  is  mixed 
thoroughly  and  then  is  passed  repeatedly  through  a  riffle  sampler 
until  reduced  to  approximately  200  grams.     This  200-gram  portion  is 

•'.eric-an  Society  for  Testing  Materials,  Standard  Specifications  for  Classification  of  Coals  by  Rank: 
Supplement  to  Book  of  A.S.T.M.  Standards.  1937,  pp.  144-150. 
11  Parr,  S.  W.,  The  Classification  of  Coal:  Univ.  of  Illinois  Eng.  Exp.  Sta.  Bull.  180, 1928,  62  pp. 
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ground  to  pass  a  60-mesh  sieve  by  means  of  a  planetary-disk  pulverizer 
or  ball  mill,  again  mixed,  and  reduced  with  a  riffle  sampler  to  about 
50  grams.  This  final  sample  is  preserved  in  a  rubber-stoppered, 
wide-mouthed,  4-ounce  bottle. 

Moisture  is  determined  at  105°  C.  with  1-gram  portions  of  the 
60-mesh  sample  and  with  5-gram  portions  of  the  20-mesh  sample, 
as  described  on  page  8.  The  analysis  of  the  60-mesh  coal,  which 
has  become  partly  air-dried  during  sampling,  is  calculated  to  the 
dr}T  basis  by  dividing  each  result  by  1  minus  its  content  of  moisture. 
The  analysis  of  the  coal  "as  received"  is  computed  from  the  "dry 
coal"  analysis  by  multiplying  by  1  minus  the  total  moisture  found  in 
the  20-mesh  sample. 

RELATIVE  MERITS  OF  THE  TWO  METHODS 

The  first  method  is  preferable  for  preparing  laboratory  samples 
that  are  intended  for  highly  accurate  analyses.  The  unavoidable 
loss  of  moisture  during  sampling  is  less  than  by  the  second  method, 
especially  in  samples  of  wet  or  freshly  mined  coal.  Such  samples 
lose  moisture  rapidly  on  exposure  to  air.  Air-drying  should  not  be 
unnecessarily  prolonged,  otherwise  an  appreciable  loss  of  heating 
value  from  oxidation  takes  place. 

The  second  method,  which  was  formerly  used  in  the  fuel-inspection 
laboratory  of  the  Bureau  of  Mines,12  permits  a  large  number  of  samples 
to  be  handled  in  a  short  time.  The  moisture  obtained  by  this  method 
is  usually  somewhat  less  than  that  obtained  by  the  first  method. 
For  coals  that  have  lost  part  of  their  moisture  content  through 
exposure  to  the  atmosphere,  like  the  usual  commercial  shipments,  this 
difference  need  not  exceed  0.5  percent.  Wet  samples  must  be  partly 
air-dried. 

The  disk  pulverizer  is  not  adapted  to  the  fine  grinding  of  coke  and 
anthracite;  the  abrasive  action  of  the  coke  on  the  iron  surface  of  the 
disk  pulverizer  contaminates  the  sample  seriously,  and  anthracite  is 
heated  by  the  rubbing  surfaces  to  a  degree  that  may  change  the  com- 
position of  the  sample. 

TOTAL  MOISTURE  DETERMINATION  FOR  LUMP  COKE 

Total  moisture  can  be  determined  quickly  and  with  an  accuracy 
of  ±0.5  percent  by  simply  heating  a  large  sample  (10  pounds  or  more) 
of  1-  to  2-inch  lumps  of  coke  to  constant  weight  in  any  convenient 
oven  or  on  a  hot  plate  at  a  temperature  not  less  than  104°  nor  more 
than  200°  C.13  Because  of  its  simplicity  this  method  may  be  used 
advantageously  at  points  where  coke  shipments  are  sampled.  Large 
zinc-coated  iron  pans  are  used  for  the  samples.  If  the  pans  are  placed 
on  hot  plates,  the  coke  is  spread  in  the  pans  to  a  depth  of  about  2 
inches,  and  the  pans  are  raised  to  give  an  air  space  of  about  %  inch 
between  the  bottom  of  the  pans  and  the  hot  plate  to  prevent  over- 
heating the  coke;  temperatures  are  determined  by  inserting  ther- 
mometers in  the  bed  of  coke  near  the  bottom  of  the  pans.     The  loss 

12  See  The  Fuel-Inspection  Laboratory  of  the  Bureau  of  Mines,  by  J.  D.  Davis,  in  Bull.  41,  Bureau  of 
Mines,  1912,  p.  17. 

"  Fieldner,  A.  C,  and  Selvig,  W.  A.,  The  Determination  of  Moisture  in  Coke:  Tech.  Paper  148,  Bureau 
of  Mines,  1917,  14  pp. 
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in  weight  is  calculated  and  constitutes  the  percentage  of  total  moisture 
in  the  coke. 

The  dried  sample  is  crushed  mechanically  with  a  jaw  crusher  or 
by  hand  on  a  chilled  iron  or  hard-steel  plate  by  impact  of  a  hard  bar 
or  sledsie,  avoiding  all  rubbing  action,  as  otherwise  the  ash  content 
will  be  increased  materially  by  the  addition  of  iron  from  the  sampling 
apparatus,  even  though  hardened  iron  or  steel  is  used.  Crushing  is 
continued  until  all  the  sample  passes  through  a  4-mesh  sieve,  after 
which  the  sample  is  mixed  and  reduced  on  a  large  riffle  sampler  to 
not  less  than  5  pounds.  The  5-pound  sample  is  crushed  further  by 
means  of  a  hard-steel  roll  crusher  to  pass  a  20-mesh  sieve,  mixed,  and 
reduced  on  a  small  riffle  sampler  to  200  grams.  The  200-gram  por- 
tion is  put  in  the  porcelain  jar  of  a  ball  mill  and  ground  to  60-mesh  as 
described  on  page  6. 

If  a  ball  mill  is  not  available  for  fine  grinding,  the  200-gram  sample 
of  20-mesh  coke  may  be  pulverized  to  pass  a  60-mesh  sieve  by  means 
of  a  hard-steel  roll  crusher,  in  which  the  rolls  revolve  at  the  same  speed, 
or  by  impact  in  a  hard-steel  diamond  mortar.  The  use  of  rubbing 
surfaces,  such  as  a  disk  pulverizer  or  a  bucking  board,  is  never  permis- 
sible for  grinding  coke. 

Moisture  is  determined  at  105°  C.  with  1-gram  portions  of  the  60- 
mesh  sample  as  described  below.  The  analysis  of  the  60-mesh  coke 
is  calculated  to  the  dry  basis  by  dividing  each  result  by  1  minus  its 
content  of  moisture.  The  analysis  of  the  coke  "as  received"  is  com- 
puted from  the  "dry  coke"  analysis  by  multiplying  by  1  minus  the 
total  moisture  found  in  the  large  sample  of  lump  coke. 

METHODS  OF  ANALYSIS 
MOISTURE 

A  1-gram  sample  of  the  60-mesh  coal  is  placed  in  a  weighed  %-inch 
by  1%-inch  porcelain  capsule  (fig.  3,  a)  and  heated  for  1  hour  at  105°  C. 
in  a  constant-temperature  oven  (figs.  3  and  4).  The  capsule  is  then 
removed  from  the  oven,  covered  with  a  special  flat  aluminum  cover 
(fig.  3,  6),  and  cooled  in  a  desiccator  over  concentrated  sulphuric  acid. 
The  loss  in  weight  multiplied  by  100  is  recorded  as  the  percentage 
of  moisture. 

To  determine  the  moisture  content  of  the  20-mesh  coal  a  5-gram 
sample  is  heated  for  1/9  hours;  the  procedure  is  otherwise  the  same 
as  for  the  60-mesh  sample. 

The  oven  used  is  a  double-walled  copper  cylinder  closed  at  one  end 
and  having  a  double-walled  door  at  the  other  (fig.  3).  The  space  be- 
tween the  outer  and  the  inner  walls  is  filled  with  a  1 :  1  solution  of 
Prestone  (ethylene  glycol)  in  water,  the  proportions  being  so  ad- 
justed that  the  boiling  solution  maintains  a  temperature  of  105°  C. 
in  the  interior  of  the  oven.  There  is  free  circulation  space  for  the 
Prestone  solution  on  the  sides  and  at  one  end  of  the  oven.  A  return 
condenser  (fig.  3,  c)  keeps  the  concentration  constant.  A  solution  of 
glycerin  in  water  (specific  gravity,  1.19  at  15°  C.)  was  formerly  used. 
The  ethylene  glycol  solution  has  the  advantage  of  being  less  corrosive. 
A  current  of  air,  dried  by  passing  through  sulphuric  acid  (fig.  3,  d) 
and  preheated  by  passing  through  a  copper  tube  encircling  the  oven 
between  the  walls,  is  forced  through  the  inner  chamber  of  the  oven 
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and  over  the  samples;  it  takes  up  moisture  from  the  samples  and 
escapes  through  a  small  opening  in  the  door  of  the  oven.  The  air  is 
forced  through  the  oven  at  a  rate  sufficient  to  change  the  total  volume 
of  air  in  the  oven  two  to  four  times  in  1  minute.  With  this  oven 
there  is  no  trouble  in  maintaining  a  constant  temperature  of  105°  C. 
For  coke  the  circulation  of  air  dried  by  sulphuric  acid  through  the 
oven  atmosphere,  as  specified  for  coal,  is  unnecessary,  there  being 
no  measurable  difference  in  results  between  circulating  perfectly  dry 
air  through  the  oven  and  using  in  the  oven  the  natural  circulation  of 


Figure  3.— Moisture  oven. 

air  from  the  room.     An  ordinary  drying  oven  with  openings  for  nat- 
ural circulation  of  air  may  be  used. 

ASH 

Ash  is  determined  in  the  residue  of  dried  coal  from  the  moisture 
determination.  The  porcelain  capsule  containing  this  residue  is  placed 
in  a  muffle  furnace  and  slowly  heated  until  the  volatile  matter  in  the 
coal  is  driven  off.  The  object  of  slow  heating  is  to  avoid  coking  the 
sample  and  thus  making  its  burning  difficult;  furthermore,  if  a  coal 
high  in  volatile  matter  is  heated  rapidly,  the  gas  generated  has  a 
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tendency  to  explode  within  the  capsule  and  thus  mechanically  carry 
off  portions  of  the  ash.  The  ignition  in  the  muffle  is  continued 
at  a  temperature  between  700°  and  750°  C.  until  all  particles  of  carbon 
have  disappeared;  the  ash  is  stirred  occasionally  during  the  heating 
period.  _  The  capsule  with  its  contents  is  then  taken  from  the  muffle, 
cooled  in  a  desiccator,  and  weighed,  after  which  it  is  replaced  in  the 
muffle,  heated  for  one-half  hour,  cooled  in  a  desiccator,  and  weighed 
again.  If  the  change  in  weight  is  less  than  0.0005  gram  (if  the  change 
is  greater  than  this,  the  ash  is  again  ignited  for  30  minutes  and  the 
process  is  repeated  until  the  variation  in  weight  between  two  successive 
ignitions  is  0.0005  gram  or  less),  the  weight  is  considered  constant, 


SLIDING    SHELF    TOR  CAPSULES 

FRONT    ELEVATION 

Figure  4.— Details  of  moisture  oven. 

and  the  weight  of  the  capsule  is  deducted  from  the  last  weighing. 
The  weight  of  the  capsule  and  ash  minus  the  weight  of  the  capsule  is 
taken  as  the  weight  of  the  ash.  With  many  coals  high  in  iron  some 
difficulty  is  experienced  in  ignition  to  constant  weight,  because  of  the 
oxidation  and  reduction  of  iron  oxides.  Ash  as  determined  by  this 
method  represents  the  mineral  matter  that  remains  in  the  coal  after 
ignition. 

VOLATILE  MATTER 

A  1-gram  sample  of  the  fine  (60-mesh)  coal  is  weighed  into  a  10-cm3 
platinum  crucible  (fig.  5,  a)  with  a  close-fitting  capsule  cover  (fig.  5,  6). 
The  crucible  and  contents  are  heated  at  a  temperature  of  950°  C. 
(±20°  C.)  in  a  specially  designed  electric  furnace  of  the  vertical 
type.     (See  fig.  6.)     After  heating  exactly  7  minutes  the  crucible  is 
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removed  from  the  furnace,  cooled,  and  weighed.  The  loss  in  weight 
minus  the  weight  of  moisture  determined  at  105°  C.  times  100  equals 
the  percentage  of  volatile  matter. 

MODIFIED    METHOD    FOR    SUBBITUMINOUS     COAL,     LIGNITE,     PEAT,     AND 
CERTAIN  COKES,  CHARS,  ANTHRACITES,  AND  SEMIANTHRACITES 

Mechanical  losses  are  incurred  when  peat,  lignite,  and  sub- 
bituminous  coal  are  heated  suddenly;  such  losses  also  occur  with  some 
low-temperature  cokes,  green  cokes,  chars,  anthracites,  and  semi- 
anthracites.  This  mechanical  loss  is  usually  designated  as  "sparking" 
and  is  caused  by  particles  of  the  fuel  being  ejected  from  the  crucible 
by  the  too  rapid  escape  of  steam  or  volatile  matter.14  These  particles 
become  incandescent  in  the  flame  of  the  burning  volatile  constituents 
and  may  be  seen  around  the  edge  of  the  crucible  cover,  sometimes 
only  one-fourth  inch  above  the  crucible  and  at  other  times  shooting 
several  inches  to  the  top  of  the  furnace.  In  severe  sparking 
ash  deposits  and  sometimes  unburned  material 

are  found  on  the  crucible  cover.     Small  deposits    ^____^^^ ^ 

of  ash  are  sometimes  found  on  the  crucible  cover 
with  moderately  sparking  fuels.  All  fuels  that 
do  not  cake  when  volatile  matter  is  determined 
are  watched  closely  for  sparking  during  the  heat- 
ing period;  moreover,  at  the  end  of  the  test  the 
crucible  cover  is  inspected  for  ash  deposits,  and 
any  found  are  considered  as  evidence  of  sparking. 

All  fuels  that  spark  appreciably  when  volatile 
matter  is  determined  by  the  prescribed  method 
are  given  a  preliminary  gradual  heating  of  not 
less  than  5  minutes  or  more  than  10  minutes  at 
increasing  temperatures.  This  is  done  by  grad- 
ually lowering  the  crucible  into  the  furnace  at 
such  a  rate  that  sparking  does  not  occur.  After 
the  preliminary  heating  the  crucible  is  lowered 
into  its  regular  position  in  the  furnace  and  figure  5.— io-cm3  platinum 
heated  for  exactly  6  minutes  at  950°  C.  If  atoematter. etermmmg  v0" 
sparking  is  then  observed,  the  determination  is 

rejected  and  the  test  repeated  until  no  sparking  occurs  either  during 
the  preliminary  heating  or  during  the  6-minute  period  at  950°  C. 

With  some  strongly  caking  low-  and  medium-volatile  bituminous 
coals  the  coke  button  may  be  broken  with  explosive  violence  because 
of  liberation  of  volatile  matter  within  the  button.  This  is  designated 
as  popping.  Such  popping  may  blow  the  lid  off  the  crucible  and  cause 
mechanical  losses  of  the  coked  material.  When  popping  is  observed 
the  determination  is  rejected  and  the  test  repeated  until  it  no  longer 
occurs. 

USE  OF  PLATINUM  CRUCIBLE  WITH  CAPSULE  COVER 

A  10-cm3  platinum  crucible  with  capsule  cover  has  been  used  for 
determinations  of  volatile  matter  at  the  Pittsburgh  laboratory  since 

i*  Lord,  N.  W.,  Experimental  Work  Conducted  in  the  Chemical  Laboratory  of  the  United  States  Fuel- 
Testing  Plant  at  St.  Louis,  Mo.:  Geol.  Survey  Bull.  323  (reprinted  as  Bull.  28,  Bureau  of  Mines), 1911,  pp. 
6-7. 

Cooper,  H.  M.,  Osgood,  F.  D.,  and  Solomon,  R.  E.,  The  Determination  of  Volatile  Matter  in  Low- 
Temperature  Cokes,  Chars,  and  Noncaking  Coals:  Rept .  of  Investigations  3168,  Bureau  of  Mines,  1932, 17  pp. 
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November  1,  1912.  The  percentage  of  volatile  matter  obtained  by 
the  use  of  the  10-cm3  crucible  is  slightly  lower  than  that  obtained  by 
the  use  of  the  30-cm3  crucible  formerly  used.  In  a  series  of  58  dif- 
ferent bituminous  coals  the  average  of  the  volatile  matter  obtained 
with  the  10-cm3  crucible  with  capsule  cover  was  0.35  percent  less  than 
the  average  obtained  with  the  30-cm3  crucible.  In  only  3  of  the  58 
samples  tested  was  the  percentage  of  volatile  matter  obtained  with 
the  10-cm3  crucible  more  than  1  percent  lower  than  that  obtained 
with  the  30-cm3  crucible. 

In  the  determination  of  volatile  matter  in  coke  or  anthracite  by 
use  of  the  ordinary  30-cm3  crucible  with  flat  cover  the  loss  in  weight 
due  to  oxidation  often  amounts  to  1  percent.  This  is  due  to  the  fact 
that  there  is  not  enough  volatile  matter  in  the  sample  to  expel  the 
30  cm3  of  air  which  is  in  the  crucible  when  the  heating  is  begun.  The 
loss  in  weight  of  coke  or  anthracite  by  oxidation  in  the  10-cm3  crucible 
with  capsule  cover  is  usually  less  than  0.3  percent. 

PROPER  ADJUSTMENT  OF  HEATING  APPARATUS 

It  is  essential  in  the  determination  of  volatile  matter  to  adjust  the 
heating  apparatus  to  give  a  crucible  temperature  of  950°  C.  (±20°  C). 
Heating  in  a  burner  flame  has  the  advantage  of  surrounding  the  cru- 
cible with  flame  so  that  very  little  oxygen  has  access  to  the  sample 
during  the  determination  and  oxidation  is  reduced.  On  the  other 
hand,  the  flame  temperature  is  difficult  to  control;  variations  in  pres- 
sure and  volume  cause  fluctuations  in  temperature. 

As  gas  pressures  fluctuate,  an  electric  furnace  affords  the  most 
uniform  means  of  heating.  The  additional  oxidation  due  to  the  lack 
of  flame  protection  is  small  (about  0.1  percent),  provided  a  10-cm3 
platinum  crucible  with  close-fitting  capsule  cover  is  used.15 

SIGNIFICANCE  OF  RESULTS 

It  should  be  clearly  understood  that  the  volatile  matter  does  not 
represent  any  definite  compound  in  the  coal.  The  method  of  deter- 
mination is  wholly  conventional,  and  any  variation  in  temperature  or 
rate  of  heating  will  change  the  amount  of  volatile  matter  determined. 

This  fact  is  illustrated  graphically  by  the  curves  in  figure  7,  which 
represent  the  amount  of  volatile  matter  obtained  by  heating  several 
portions  of  a  single  sample  of  coal  at  various  temperatures  between 
750°  and  1,100°  C.16 

USE  OF  ELECTRIC  FURNACE 

Since  February  26,  1913,  all  volatile-matter  determinations  at  the 
Pittsburgh  laboratory  have  been  made  in  specially  designed  electric 
furnaces  of  the  vertical  type  (fig.  6).  The  heating  element  consists 
of  about  10^  feet  (besides  leads)  of  nichrome  IV  resistance  wire  (No. 
16  B.  &  S.  gage)  wound  on  a  corrugated  (%2-inch  pitch)  alundum  fur- 
nace core  4  inches  long  and  1  Y>  inches  in  inside  diameter.  Two  of  these 
furnaces  are  connected  in  series  and  are  controlled  by  a  single  rheostat. 
A  current  of  8  to  9  amperes  is  required  to  maintain  the  temperature 

u  Fieldner,  A.  C,  and  Hall,  A.  E.,  Influence  of  Temperature  on  the  Determination  of  Volatile  Matter 
in  Coal:  Proc.  8th  Internat.  Cong.  App.  Chem.,  vol.  10,  1912,  p.  148. 
>«  Fieldner,  A.  C,  and  Hall,  A.  E.,  work  cited,  p.  139. 
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Platinum- rhodium' 
Figure  6.— Electric  furnace  for  determining  volatile  matter. 
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in  each  furnace  at  950°  C.  Under  these  conditions  the  drop  in  po- 
tential across  the  two  furnaces  is  about  60  volts.  The  life  of  the 
heating;  element  under  daily  operation  has  been  6  to  8  months.  A 
platinum-platinum  rhodium  thermocouple  is  permanently  installed 
in  each  furnace  and  is  connected  to  a  millivoltmeter  through  a  double- 
pole,  double-throw  switch.  The  position  of  the  hot  junction  in  each 
furnace  is  so  adjusted  that  the  direct  reading  in  the  temperature  scale 
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Figube  7.— Percentage  of  volatile  matter  from  different  coals  at  various  temperatures. 

of  the  millivoltmeter  is  the  same  as  the  maximum  temperature  at- 
tained inside  the  crucible  as  determined  by  another  standardized 
couple  whose  hot  junction  is  in  contact  with  the  bottom  of  the  interior 
of  the  crucible.  In  making;  this  comparison  the  usual  platinum  cover 
is  replaced  by  one  of  nickel,  which  is  perforated  for  admitting  the 
thermocouple  leads.  To  avoid  possible  contamination  of  the  thermo- 
couple, 1  gram  of  ignited  silica  or  alumina  is  substituted  for  coal. 
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Even  though  considerable  effort  is  made  to  build  two  furnaces  in 
exactly  the  same  manner,  it  is  usually  found  on  connecting  them  in 
series  that  one  runs  20°  to  60°  C.  hotter  than  the  other.  The  tem- 
peratures are  equalized  by  shunting  a  part  of  the  current  around  the 
hotter  furnace  through  an  adjustable  resistance  coil.  Such  adjust- 
ments need  be  made  only  on  setting  up  a  pair  of  new  furnaces,  as 
virtually  no  change  takes  place  during  the  life  of  the  furnaces. 

FIXED  CARBON 

The  fixed  carbon  is  found  by  subtracting  the  sum  of  the  percentages 
of  moisture,  ash,  and  volatile  matter  from  100. 

SULPHUR 

ESCHKA  METHOD 

Sulphur  is  determined  by  the  Eschka  method.  "Eschka  mixture' 
is  made  by  thoroughly  mixing  2  parts  of  light  calcined  magnesium 
oxide  (MgO)  with  1  part  of  anhydrous  sodium  carbonate  (Na2C03). 
A  sample  of  60-mesh  coal  weighing  1.3735  grams  is  thoroughly  mixed 
in  a  30-cm3  platinum  or  porcelain  crucible  with  about  3  grams  of 
Eschka  mixture,  and  about  1  gram  of  Eschka  mixture  is  spread  over 
the  top  to  form  a  cover.  The  crucible  with  its  contents  is  placed  in  a 
cold  gas  or  electric  muffle  furnace,  and  the  temperature  is  slowly 
raised  to  800°  C.±25  in  about  1  hour.  Slow  heating  during  this  pre- 
liminary period  is  essential  to  avoid  rapid  expulsion  of  the  volatile 
matter,  which  tends  to  prevent  complete  absorption  of  the  products  of 
combustion  of  the  sulphur.  The  maximum  temperature  of  800°  C.  ±  25 
is  maintained  for  about  \}{  hours. 

When  the  crucible  is  removed  from  the  muffle  the  contents  are 
stirred  thoroughly.  If  any  black  particles  remain,  the  crucible  is 
returned  to  the  muffle  and  heated  until  all  the  particles  are  burned 
out,  a  condition  which  indicates  that  the  process  is  complete.  The 
crucible  and  contents  are  then  allowed  to  cool,  and  the  contents  are 
transferred  to  a  beaker  and  digested  with  100  cm3  of  hot  water  for 
at  least  30  minutes.  Filtration  into  a  beaker  follows;  the  insoluble 
residue  is  washed  twice  with  hot  water  by  decantation  and  after  being 
transferred  to  the  filter  paper  is  washed  with  small  quantities  of  hot 
water  until  the  volume  of  solution  in  the  beaker  is  about  250  cm.3 
About  4  cm3  of  saturated  bromine  water  (or  a  slight  excess)  and 
enough  dilute  (2:1)  hydrochloric  acid  (HC1)  to  make  the  solution 
slightly  acid  are  added.  The  solution  is  next  boiled  to  expel  the  liber- 
ated bromine,  and  the  sulphur  is  precipitated  as  barium  sulphate 
(BaS04)  by  adding  slowly  10  to  20  cm3  of  a  hot  10-percent  solution  of 
barium  chloride  (BaCl2.2H20).  The  solution  containing  the  precipi- 
tate is  allowed  to  stand  for  at  least  2  hours  at  a  temperature  just  below 
boiling. 

The  following  day  the  solution  is  filtered  through  an  ashless  filter 
paper  and  washed  with  hot  distilled  water  until  a  silver  nitrate  solu- 
tion shows  no  precipitate  with  a  drop  of  the  filtrate.  The  test  for 
excess  barium  chloride  is  made  by  adding  a  few  drops  of  sulphuric 
acid  solution  to  the  filtrate.  The  precipitate  is  then  ignited  in  a 
weighed  porcelain  crucible,  free  access  of  air  being  allowed  and  the 
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paper  being  folded  over  the  precipitate  only  loosely  to  prevent  spat- 
tering. The  paper  should  be  smoked  oft'  very  gradually  at  first,  and 
the  final  heating  should  not  be  above  a  dull  redness.  After  the  paper 
is  burned  off  completely  the  heating  is  continued  for  a  few  minutes, 
and  the  crucible  is  cooled  and  weighed.  The  weight  in  grams  of 
barium  sulphate  after  deducting  the  weight  of  barium  sulphate  found 
in  a  blank  determination  using  the  same  reagents,  multiplied  by  10, 
equals  the  percentage  of  sulphur  in  the  sample. 

BOMB-WASHING    METHOD 

Sulphur  is  determined  in  the  washings  from  the  oxygen  bomb 
calorimeter  following  the  calorimetric  determination.  The  results 
have  been  found  to  cheek  closely  with  those  of  the  Eschka  method.17 
The  method  has  the  advantage  over  the  Eschka  method  of  a  material 
saving  in  time,  so  it  is  used  in  the  fuel-inspection  laboratory  of  the 
Bureau  of  Mines. 

The  bomb  is  allowed  to  stand  in  the  calorimeter  water  for  not  less 
than  5  minutes  after  firing.  It  is  then  removed  and  the  valve  opened 
carefully  to  allow  the  gases  to  escape  at  an  approximately  even  rate  so 
that  the  pressure  is  reduced  to  atmospheric  in  not  less  than  1  minute. 
Too  rapid  release  of  the  gases  will  result  in  a  loss  of  sulphur.  Bombs 
equipped  with  valves  other  than  needle  valves,  such  as  compression 
valves,  should  be  provided  with  a  device  for  controlling  the  valve  to 
permit  a  slow  and  uniform  release  of  the  gases.  The  bomb  is  opened 
and  the  inside  examined  for  traces  of  unburned  material  or  sooty 
deposit.  If  any  are  found,  the  determination  is  discarded.  All  parts 
of  the  interior  of  the  bomb,  including  the  tray,  are  washed  with  a 
fine  jet  of  distilled  water  containing  1  cm3  per  liter  of  a  saturated 
solution  of  methyl  orange  until  no  acid  reaction  is  observed.  It  is 
essential  to  wash  through  the  valve  opening  of  bombs  equipped  with 
compression  valves  or  other  types  of  valves  with  large  openings,  as 
considerable  spray  may  collect  in  such  openings. 

The  washings  are  collected  in  a  250-cm3  beaker  and  titrated  with 
standard  alkali  solution  to  obtain  the  "acid  correction"  for  the  heat- 
ing value,  as  specified  under  the  calorimetric  determination.  To  the 
solution  is  added  1  cm3  of  NH4OH  (specific  gravity,  0.90) ;  it  is  heated 
to  boiling  and  filtered ;  the  residue  and  filter  paper  are  washed  thor- 
oughly five  or  six  times  with  hot  distilled  water.  To  the  filtrate  and 
washings,  amounting  to  about  250  cm3,  is  added  1  cm3  of  saturated 
bromine  water  and  enough  dilute  (2:1)  hydrochloric  acid  (HC1)  to 
make  the  solution  slightly  acid.  The  solution  is  boiled  to  expel  the 
liberated  bromine  and  the  sulphur  precipitated  with  barium  chloride 
solution  as  described  in  the  Eschka  method. 

(Weight  of  BaS04- blank)  X  13.73  ,  .     .  , 

— „,.  .  ,  ,     . r^ = percentage  of  sulphur 

Weight  of  sample 

CARBON  AND  HYDROGEN 

Either  gas-fired  or  electrically  heated  combustion  furnaces  are 
suitable  for  determining  carbon  and  hydrogen ;  both  types  have  been 
used  by  the  Bureau  of  Mines.     Electrically  heated  furnaces  are  now 

"Selvig,  W.  A.,  and  Fieldner,  A.  C,  Sulphur  in  Coal  and  Coke;  Check  Determinations  by  the  Eschka 
Bomb-Washing  and  Sodium  Peroxide  Fusion  Methods:  Ind.  and  Eng.  Chem.,  vol.  19,  1927,  pp.  729-733. 
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used  in  preference  to  gas-heated  furnaces  because  of  the  greater  ease 
of  manipulation — an  important  factor  in  making  a  large  number  of 
routine  determinations. 

METHOD    WITH    GAS-FIRED    COMBUSTION    FURNACE 

The  determination  of  carbon  and  of  hydrogen  is  made  with  a 
weighed  quantity  of  sample  in  a  25-burner  combustion  furnace  of  the 
Glaser  type.  The  products  of  combustion  are  oxidized  thoroughly 
by  being  passed  over  red-hot  copper  oxide  and  lead  chromate  and  are 
fixed  by  absorbing  the  water  in  a  weighed  Marchand  drying  tube 
filled  with  granular  calcium  chloride  (CaCl2)  and  by  absorbing  the 
carbon  dioxide  in  a  Vanier  bulb  containing  a  30-percent  solution  of 
potassium  hydroxide  (KOH). 

The  apparatus  used  consists  of  a  purifying  train  in  duplicate,  a 
combustion  tube  in  the  furnace,  and  an  absorption  train.  The  puri- 
fying train  contains  the  following  purifying  reagents,  arranged  in 
order  of  passage  of  air  and  oxygen  through  them:  Sulphuric  acid, 
potassium  hydroxide  solution,  soda  lime,  and  granular  calcium 
chloride.  One  of  the  trains  is  for  air  and  one  for  oxygen.  In  the 
sulphuric  acid  and  the  potassium  hydroxide  scrubbing  bottles  the  air 
and  the  oxygen  are  made  to  bubble  through  about  5  mm  of  the 
purifying  reagent.  Both  purifying  trains  are  connected  to  the  com- 
bustion tube  by  a  Y-tube,  the  joint  being  made  tight  by  a  rubber 
stopper. 

The  combustion  tube  is  made  of  hard  Jena  glass  or  fused  silica  with 
a  transparent  section;  its  external  diameter  is  about  21  mm,  and  its 
total  length  is  1  meter.  The  first  30  cm  of  the  tube  is  empty;  an 
asbestos  plug  (acid-washed  and  ignited)  follows  this  empty  space,  or 
in  its  place  a  roll  of  copper  gauze  may  be  used;  the  next  40  cm  is 
filled  loosely  with  copper  oxide  wire;  a  second  asbestos  plug  separates 
the  wire  from  10  cm  of  fused  lead  chromate,  which  is  held  in  place  by 
another  asbestos  plug  20  cm  from  the  end  of  the  tube.  The  end  of 
the  tube  is  drawn  out  for  rubber-tubing  connection  with  the  absorp- 
tion train. 

The  absorption  train  consists,  first,  of  a  Marchand  drying  tube 
filled  with  granular  calcium  chloride  (CaCl2)  to  absorb  moisture. 
This  tube  is  followed  by  a  Vanier  bulb  containing  a  30-percent  potas- 
sium hydroxide  (KOH)  solution,  in  which  any  possible  impurities,  as 
ferrous  iron  or  nitrates,  have  been  oxidized  by  a  little  potassium  per- 
manganate (KMn04).  The  Vanier  bulb  also  contains  some  soda  lime 
and  granular  calcium  chloride  to  absorb  any  carbon  dioxide  escaping 
from  the  potassium  hydroxide  solution  and  any  water  evaporating 
from  that  solution. 

The  train  is  connected  to  an  aspirator  which  draws  the  products 
of  combustion  through  the  entire  train.  A  guard  tube  of  calcium 
chloride  prevents  moisture  from  running  back  into  the  absorption 
train.  The  suction  is  kept  constant  by  a  Mariotte  flask.  The  advan- 
tage of  aspirating  the  gases  through  the  train  rather  than  forcing 
them  through  by  pressure  is  that  the  pressure  on  the  rubber  connec- 
tions is  from  the  outside,  and  gas-tight  connections  are  more  easily 
maintained  than  when  the  pressure  is  on  the  inside  of  the  tube.  The 
connections  are  made  as  tight  as  possible.  The  usual  test  for  tight- 
ness is  to  start  aspiration  at  the  rate  of  about  three  bubbles  of  air 


18  .METHODS    OF    ANALYZING    COAL    AND    COKE 

per  second  through  the  potash  bulb  and  then  to  close  the  inlet  for 
air  and  oxygen  at  the  opposite  end  of  the  train;  if  there  are  no  more 
than  three  bubbles  per  minute  in  the  potash  bulb,  the  apparatus  is 
considered  tight. 

Before  a  determination  is  started,  after  the  train  has  been  idle 
some  hours  or  after  any  changes  in  chemicals  or  connections,  a  blank 
is  run  by  aspirating  about  1  liter  of  air  through  the  train,  which  is 
heated  in  the  same  manner  as  if  a  determination  on  coal  were  being 
made.  If  the  Vanier  bulb  and  the  tube  containing  calcium  chloride 
show  a  change  in  weight  of  less  than  0.5  mg  each,  the  apparatus  is 
in  proper  condition  for  use. 

A  0.2-gram  sample  (crushed  to  60-mesh)  is  weighed  into  a  platinum 
or  porcelain  boat.  The  boat  and  sample  are  placed  in  a  glass  weigh- 
ing tube  which  is  closed  with  a  stopper  to  prevent  moisture  changes. 
The  absorption  tubes  are  connected,  and  the  boat  and  sample  are 
transferred  from  the  weighing  tube  to  the  combustion  tube,  which 
should  be  cool  for  the  first  30  cm.  The  copper  oxide  should  be 
red  hot  and  the  lead  chromate  at  dull-red  heat.  The  boat  should  be 
transferred  from  weighing  tube  to  combustion  tube  as  rapidly  as 
possible.  As  soon  as  the  boat  is  in  place  (near  the  asbestos  plug  at 
the  beginning  of  the  copper  oxide)  the  stopper  connecting  with  the 
purifying  train  is  inserted  and  the  aspiration  started  with  pure  oxygen 
gas  at  the  rate  of  three  bubbles  per  second.  One  burner  is  turned  on 
about  10  cm  back  from  the  boat,  and  the  aspiration  is  continued  care- 
fully until  virtually  all  the  moisture  is  expelled  from  the  sample. 
The  heat  is  then  increased  very  gradually  until  all  the  volatile  matter 
has  been  driven  off.  In  driving  off  the  volatile  matter  the  heat  must 
be  applied  gradually  to  prevent  a  too  rapid  evolution  of  gas  and  tar, 
which  may  either  escape  complete  combustion  or  may  be  driven  back 
into  the  purifying  train.  The  heat  should  be  increased  slowly  by 
turning  on  more  burners  under  the  open  part  of  the  tube  until  the 
sample  is  ignited;  then  the  temperature  can  be  increased  rapidly,  but 
care  should  be  taken  not  to  overheat  the  combustion  tube.  The 
aspiration  with  oxygen  is  continued  for  2  minutes  after  the  sample 
ceases  to  glow,  the  heat  is  then  turned  off,  and  about  1,200  cm3  of  air 
is  aspirated.  The  absorption  bulbs  are  next  disconnected,  wiped 
with  a  clean  cloth,  cooled  to  room  temperature,  and  weighed.  The 
increase  in  weight  of  the  calcium  chloride  tube  times  55.95  equals 
the  percentage  of  hydrogen.  The  increase  in  weight  of  the  potassium 
hydroxide  bulbs  times  136.36  equals  the  percentage  of  carbon.  The 
ash  in  the  boat  is  weighed  and  inspected  carefully  for  any  unburned 
carbon,  which  would  destroy  the  value  of  the  determination. 

METHOD   WITH    ELECTRICALLY   HEATED    COMBUSTION   FURNACE 

The  electrically  heated  combustion  furnace  used  for  the  determina- 
tion of  hydrogen  and  carbon  in  fuels  is  of  the  Heraeus  type. 

It  consists  of  three  independent  heaters  (fig.  8,  a,  b,  and  c),  two 
of  which,  a  and  b,  are  provided  with  sheave  wheels  and  are  mounted 
on  a  track  so  that  they  are  movable  along  the  tube;  the  third  heater, 
c,  which  surrounds  the  lead  chromate,  is  stationary. 

The  furnace  available  when  this  equipment  was  originally  installed 
did  not  include  the  small  stationary  heater.  _  This  was  made  in  the 
laboratory;  an  alundum  tube  15  cm  long  having  a  lK-inch  (32-mm) 
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bore  and  a  %-inch  (3.2-mm)  wall  was  wound 
with  10  feet  of  No.  19  nichrome  IV  wire 
cylinder  packed  with 
The  movable  heaters 
ribbon  %6  inch  wide 
alundum  tubes.  The 
larger  one,  b,  which  heats  the  copper  oxide, 
is  350  mm  long  and  is  wound  with  28  feet 
of  No.  28  nichrome  IV  ribbon;  the  smaller 
one,  a,  which  heats  the  sample  in  the  boat, 
is  200  mm  long  and  is  wound  with  14  feet 
of  No.  33  nichrome  IV  ribbon.  The  fur-  ■ 
naces  operate  on  110  volts,  and  the  current 
through  each  heater  is  regulated  indepen- 
dently by  separate  rheostats,  /  and  g, 
mounted  on  the  frame  of  the  furnace. 

A  convenient  form  of  combustion  tube  is 
a  fused  silica  tube  glazed  both  inside  and 
outside.  Its  external  diameter  is  about  20 
mm  and  its  total  over-all  length  about  112 
cm;  one  end  is  rounded  for  insertion  of  a 
rubber  stopper,  and  the  other  is  drawn  to 
about  6  mm  in  outside  diameter  and  30  mm 
in  length  for  rubber-tubing  connection  with 
the  absorption  train.  To  permit  observa- 
tions the  tube  has  a  12-cm  transparent 
section  that  begins  at  about  35  cm  from 
its  large  end.  The  first  part  of  the  tube 
up  to  the  end  of  the  transparent  section  is 
empty;  following  this  empty  space  is  a  roll 
of  copper  gauze  about  2  cm  long;  the  next 
33  cm  is  filled  loosely  with  copper  oxide 
wire ;  a  second  roll  of  copper  gauze  separates 
the  wire  from  18  cm  of  fused  lead  chromate, 
which  is  held  in  place  by  a  plug  of  glass  wool 
extending  to  the  constricted  end  of  the  tube. 

The  oxygen  or  air  entering  the  combus- 
tion tube  is  purified  by  passing  through  a 
Tauber's  drying  apparatus,  H,  which  con- 
tains the  following  reagents  arranged  in 
order  of  the  passage  of  air  or  oxygen  through 
them:  Sulphuric  acid  i  for  removing  possible 
traces  of  ammonia,  30-percent  potassium 
hydroxide  (KOH)  solution  j,  granular  soda 
lime  k,  and  granular  calcium  chloride  /. 
One  side  of  the  train  is  connected  directly 
to  a  Linde  oxygen  tank,  which  is  provided 
■with  a  reducing  valve  for  regulating  the 
oxygen  pressure ;  the  other  side  of  the  train 
is  used  for  purifying  the  air  supply. 

The  absorption  train  consists  of  a  5-inch 
U-tube,  m,  filled  with  granular  calcium  chloride  (CaCl2)  to  absorb 
moisture.  Before  it  is  used  the  calcium  chloride  should  be  saturated 
with  carbon  dioxide  to  avoid  possible  absorption  dining  a  determina- 
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tion  of  carbon  dioxide  by  any  traces  of  calcium  oxide  that  may  be 
present.  This  saturating  is  done  most  conveniently  by  placing  a 
quantity  of  calcium  chloride  in  a  large  drying  jar  and  filling  the  jar 
with  carbon  dioxide.  After  the  jar  has  stood  overnight  dry  air  is 
drawn  through  it  to  remove  the  carbon  dioxide.  The  treated  calcium 
chloride  is  kept  in  well-stoppered  bottles. 

The  calcium  chloride  tube  is  connected  ro  a  Vanier  potash  bulb,  n, 
containing  a  30-percent  potassium  hydroxide  solution  and  some  soda 
lime  and  granular  calcium  chloride.  Six  to  eight  determinations  can 
be  made  without  recharging  this  bulb.  The  potash  bulb  is  connected 
to  an  aspirator  through  a  guard  tube,  o,  containing  granular  calcium 
chloride  and  soda  lime,  and  a  Mariotte  flask,  v.  The  Mariotte  flask 
keeps  the  pressure  constant. 

In  general,  the  method  of  determination  is  the  same  as  that  used 
with  the  gas  furnace.  By  moving  the  heaters  toward  the  end  of  the 
tube  where  the  gases  enter  and  cutting  in  the  electric  current  the  air 
can  be  warmed  enough  to  thoroughly  dry  the  tube  and  its  contents. 
The  current  is  then  cut  off  from  the  small  heater  a,  and  the  large 
heater  b  is  moved  over  the  copper  oxide;  about  250  mm  of  that  part 
of  the  combustion  tube  between  the  two  heaters  where  the  boat  con- 
taining the  sample  is  to  be  placed  is  kept  exposed.  The  full  current 
is  then  turned  on  the  large  heater  to  bring  the  copper  oxide  to  a 
red  heat.  When  this  temperature  is  reached  it  is  necessary  to 
reduce  the  current  with  the  rheostat  to  avoid  overheating  the  tube. 
In  the  meantime  the  absorption  train  is  weighed  and  connected, 
and  the  boat  containing  the  sample  is  placed  in  the  exposed  and 
cooler  part  of  the  tube  between  the  two  heaters. 

The  current  is  then  passed  through  the  shorter  heater.  By  manipu- 
lating the  rheostat  and  by  gradually  pushing  this  heater  toward 
the  boat  the  rate  of  evaporation  of  moisture  and  evolution  of  volatile 
matter  can  be  readily  controlled. 

After  combustion  is  complete  the  electric  current  is  turned  off 
the  smaller  heater,  and  this  heater  is  moved  back  to  allow  the  tube  to 
cool  for  the  next  determination.  The  final  aspiration  of  air  and  the 
weighing  of  the  absorption  train  are  conducted  as  described  under  the 
gas-furnace  method. 

NITROGEN 

The  well-known  Kjeldahl-Gunning  method  is  used  in  determining 
nitrogen.  One  gram  of  the  coal  sample  is  boiled  with  30  cm3  of  con- 
centrated sulphuric  acid  (H2S04),  7  to  10  grams  of  potassium  sulphate 
(K2S04),  and  0.6  to  0.8  gram  of  mercury  in  a  500-cm3  Kjeldahl  flask 
until  all  particles  of  coal  are  oxidized  and  the  solution  is  nearly  color- 
less. For  coke  about  0.1  gram  of  chromic  oxide  (Cr20;j)  is  added  to 
the  mixture  before  boiling.  The  boiling  should  be  continued  at  least 
2  hours  after  the  solution  has  reached  the  straw-colored  stage.  The 
total  time  of  digestion  will  be  3  to  4  hours  except  for  coke  and  anthra- 
cite which  require  much  longer  digestion.  A  few  crystals  of  KMn04 
added  after  the  solution  has  cooled  enough  to  avoid  violent  reaction 
tend  to  insure  complete  oxidation.  After  th3  solution  has  cooled  it  is 
diluted  to  about  200  cm3  with  cold  water.  Twenty-five  cubic  centi- 
meters of  potassium  sulphide  (K2S)  solution  (40  grams  K2S  per  liter) 
is  added  to  precipitate  the  mercury  and  1  to  2  grams  of  granular  zinc 
to  prevent   bumping.     Enough   strong  sodium  hydroxide    (NaOH) 
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solution  to  make  the  solution  distinctly  alkaline  is  added  gradually, 
and  the  flask  is  at  once  connected  with  the  condenser. 

The  danger  of  loss  of  ammonia  may  be  minimized  by  holding  the 
flask  in  an  inclined  position  while  the  sodium  hydroxide  solution  is 
being  added.  The  alkaline  solution  runs  down  the  side  of  the  flask 
and  forms  a  layer  below  the  lighter  acid  solution.  After  the  alkaline 
solution  is  added  the  flask  is  at  once  connected  to  the  condensing 
apparatus,  and  the  solution  is  mixed  by  gently  shaking  the  flask. 

The  ammonia  (NH3)  is  distilled  over  into  a  measured  amount 
(10  cm3)  of  standard  sulphuric  acid  solution,  to  which  has  been  added 
enough  cochineal  indicator  for  titration.  The  solution  is  distilled 
until  150  to  200  cm3  of  distillate  has  passed  over,  and  the  distillate  is 
titrated  with  standard  ammonia  (NH4OH)  solution  (20  cm3  NH4OH 
solution=10  cm3  H2S04  solution  =  0.05  gram  nitrogen). 

In  routine  work  the  determinations  are  made  in  sets  of  12,  the 
digesting  and  distilling  apparatus  being  designed  for  12  flasks.  One 
flask  in  each  set  contains  a  blank  determination  in  which  1  gram  of 
pure  sucrose  (cane  sugar)  is  substituted  in  place  of  the  usual  coal 
sample.  The  nitrogen  found  in  this  blank  determination  is  deducted 
from  the  nitrogen  found  in  each  of  the  11  determinations  that  were 
made  in  the  same  set. 

Usually  the  sodium  hydroxide  and  potassium  sulphide  are  dis- 
solved in  a  single  stock  solution.  Sixteen  pounds  of  electrolytic 
caustic  soda  is  dissolved  in  water  in  a  stoneware  jar;  a  solution  con- 
taining 175  grams  of  potassium  sulphide  in  water  is  added,  and  the 
resulting  solution  is  made  up  to  22  liters.  About  125  cm3  of  this  alkali 
solution  is  used  for  a  nitrogen  determination. 

OXYGEN 

In  the  ultimate  analysis  the  composition  of  coal  is  expressed  in 
percentages  of  ash,  sulphur,  carbon,  hydrogen,  nitrogen,  and  oxygen. 
The  sum  of  these  constituents  is  taken  as  equal  to  100  percent.  As 
there  is  no  simple,  direct  method  for  the  determination  of  oxygen,  it 
is  estimated  by  subtracting  the  sum  of  the  other  five  constituents 
from  100.  This  method  throws  upon  the  oxygen  the  summation  of 
all  the  errors  incurred  in  the  other  determinations. 

In  the  consideration  of  an  ultimate  analysis  one  must  keep  in 
mind  that  the  hydrogen  and  oxygen  of  the  moisture  in  the  sample  are 
included  with  the  hydrogen  and  oxygen  of  the  dry-coal  substance. 
Usually  before  comparisons  are  made  ultimate  analyses  are  computed 
to  a  dry-coal  basis,  this  giving  the  relative  proportions  of  hydrogen 
and  oxygen  in  the  dry  coal. 

PHOSPHORUS 

In  the  determination  of  phosphorus  in  coal  or  coke  a  sample  weigh- 
ing 5  grams  is  burned  to  ash  in  a  muffle  furnace  at  a  temperature 
between  700°  and  750°  C.  The  ash  is  treated  in  a  30-cm3  platinum 
crucible  with  10  cm3  of  concentrated  nitric  acid  and  5  cm3  of  hydro- 
fluoric acid  and  evaporated  to  dryness.  A  second  evaporation  to 
dryness  is  made  with  5  cm3  of  concentrated  nitric  acid.  The  residue 
is  ignited  at  a  red  heat  over  a  Meker  burner  until  no  more  fumes  are 
given  off  and  then  fused  with  about  3  grams  of  sodium  carbonate. 
The  melt  is  leached  thoroughly  with  hot  water  and  the  solution  filtered 
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into  a  300-cm3  Erlenmeyer  flask.  The  paper  and  residue  are  ignited 
and  again  fused  with  sodium  carbonate,  the  melt  is  leached  with  hot 
water,  and  the  solution  is  filtered.  Two  to  three  drops  of  methyl 
orange  indicator  are  added  to  the  combined  filtrates  in  the  flask,  and 
concentrated  nitric  acid  is  added  slowly,  while  the  solution  is  being 
shaken  constantly,  until  it  is  just  neutralized;  an  excess  of  4  cm3  of  the 
nitric  acid  (specific  gravity,  1.42)  is  then  added.  The  solution  is 
evaporated  to  about  100  cm3,  and  6  grams  of  ammonium  nitrate  is 
added.  The  temperature  of  the  solution  is  brought  to  80°  C,  50 
cm3  of  molybdate  solution  added,  and  the  flask  shaken  for  10  minutes. 
The  precipitate  is  allowed  to  stand  for  1  hour  and  then  filtered  on  a 
9-cm  paper,  and  the  flask  is  washed  five  times,  using  each  time  about 
10  cm3  of  a  1 -percent  potassium  nitrate  solution.  The  paper  and  pre- 
cipitate are  then  washed  with  approximately  10-cm3  portions  of  the 
potassium  nitrate  solution,  the  stream  being  directed  first  around  the 
rim  of  the  paper  and  then  circled  down  to  the  precipitate;  the  paper  is 
allowed  to  drain  completely  after  each  washing.  The  washing  is  con- 
tinued until  10  cm3  of  the  washings  show  alkaline  to  phenolphthalein 
with  1  drop  of  0.1  N  sodium  hydroxide.  Ten  to  fifteen  washings  are 
usually  sufficient. 

The  filter  paper  and  precipitate  are  returned  to  the  original  flask, 
50  cm3  of  recently  boiled  and  cooled  distilled  water  is  added,  and  the 
paper  is  macerated  with  a  glass  rod.  The  rod  is  rinsed  and  removed, 
15  cm3  of  0.1  N  sodium  hydroxide  added,  and  the  flask  closed  imme- 
diately with  a  rubber  stopper.  The  contents  are  swirled  back  and 
forth  for  1  minute  to  dissolve  the  precipitate,  and  the  solution  is 
allowed  to  stand  about  5  minutes  before  titrating.  The  stopper  is 
then  removed,  50  cm3  of  water  and  4  drops  of  0.5-percent  phenol- 
phthalein are  added,  and  the  excess  sodium  hydroxide  is  titrated  at 
once  with  0.1  N  nitric  acid.  The  percentage  of  phosphorus  is  cal- 
culated from  the  number  of  cubic  centimeters  of  0.1  N  sodium  hy- 
droxide neutralized  by  the  yellow  precipitate. 

The  following  shorter  method  for  decomposing  the  ash  and  dis- 
solving the  phosphorus  has  given  satisfactory  results.  The  ash  from 
5  grams  of  coal  or  coke  is  treated,  as  described,  with  10  cm3  of  con- 
centrated nitric  acid  and  5  cm3  of  hydrofluoric  acid  and  evaporated 
just  to  dryness  in  a  30-cm3  platinum  crucible.  The  ash  residue  is 
again  treated  with  the  same  quantities  of  nitric  and  hydrofluoric 
acids  and  evaporation  to  dryness  repeated.  Fifteen  cubic  centimeters 
of  nitric  acid  (specific  gravity,  1.20)  is  added  to  the  residue  and 
evaporated  to  approximately  7  cm3,  then  transferred  to  a  150-cm3 
beaker,  diluted  to  50  cm3  with  water,  covered  with  a  watch  glass,  and 
boiled  for  15  minutes.  A  stirring  rod  placed  in  the  beaker  will  help 
to  prevent  bumping.  The  solution  is  filtered  through  a  9-cm  paper 
into  a  300-cm3  Erlenmeyer  flask;  it  is  poured  back  through  the  paper 
a  second  time  if  necessary  to  obtain  a  clear  filtrate.  The  paper  and 
small  residue  are  washed  six  to  eight  times  with  hot  water.  Five 
cubic  centimeters  of  ammonium  hydroxide  (specific  gravity,  0.90)  is 
added  to  the  warm  solution,  and  if  a  permanent  precipitate  is  not  pro- 
duced additional  drops  are  added  until  the  iron  is  precipitated.  Con- 
centrated nitric  acid  is  then  added  slowly  from  a  burette  until  virtually 
all  the  precipitate  is  dissolved  and  the  solution  is  just  acid  to  methyl 
orange;  then  an  excess  of  4  cm3  of  the  acid  is  added.     The  solution  is 
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diluted  to  100  cm3  and  heated  to  80°  C,  and  the  phosphorus  is  pre- 
cipitated and  determined  as  descrihed. 

The  weight  of  sample  may  he  varied  according  to  the  phosphorus 
content,  0.0005  to  0.002  gram  of  phosphorus  giving  a  suitable  amount 
of  ammonium  phosphomolybdate  precipitate  for  convenient  filtering 
and  washing. 

Relatively  large  amounts  of  titanium  have  a  retarding  effect  on  the 
precipitation  of  phosphorus.  Titanium  does  not  interfere  in  the  first 
method  described,  as  a  solution  free  of  titanium  is  obtained  by  fusion 
of  the  ash  with  sodium  carbonate  and  water  leaching  of  the  fusion. 
In  the  shorter  method  of  decomposing  the  ash  by  means  of  nitric  and 
hydrofluoric  acids  the  titanium  goes  into  solution.  If  the  ash  is 
abnormally  high  in  titanium  so  that  approximately  0.01  gram  or  more 
Ti02  is  present  in  the  sample,  trouble  may  be  experienced  owing  to 
the  retarding  effect  of  the  titanium,  and  low  results  will  be  obtained. 
This  retarding  effect  of  relatively  large  amounts  of  titanium  may  be 
overcome  by  digesting  the  ammonium  phosphomolybdate  precipitate 
at  50°  C.  for  30  minutes  and  allowing  to  cool  to  room  temperature  and 
to  stand  for  3  hours  before  filtering. 

SOLUTIONS  REQUIRED  FOR  PHOSPHORUS 

Ammonium  molybdate. — Add  65  grams  of  molybdic  acid  (85  percent) 
to  a  mixture  of  143  cm3  of  ammonium  hydroxide  (specific  gravity, 
0.90)  and  142  cm3  of  water.  Stir  until  all  the  molybdic  acid  is  dis- 
solved and  then  slowly  add  this  solution,  stirring  constantly,  to  715 
cm3  of  nitric  acid  (specific  gravity,  1.20).  If  the  solution  is  cloudy, 
add  2  drops  of  a  solution  of  ammonium  phosphate  (20  percent)  and 
allow  the  precipitate  that  forms  to  settle.  Filter  the  solution  into 
bottles,  and  if  necessary  refilter  just  before  using.  If  100  percent 
molybdic  acid  is  used  to  make  this  solution,  56  grams  should  be  taken 
instead  of  65  grams. 

0.1  N  sodium  hydroxide. — Prepare  a  concentrated  solution  of  sodium 
hydroxide  (100  grams  NaOH  to  100  cm3  of  water)  in  a  stoppered  flask 
and  allow  to  settle.  Draw  out  the  required  amount  (about  11  cm3)  of 
the  clear  liquid  by  means  of  a  pipette  and  dilute  to  2  liters  with  re- 
cently boiled  and  cooled  water  in  a  stock  bottle  coated  on  the  inside 
with  paraffin.  The  bottle  is  fitted  with  a  rubber  stopper  carrying  a 
glass  siphon  tube  connected  with  a  15-cm3  burette  or  pipette  and  a 
soda-lime  guard  tube.  The  sodium  hydroxide  solution  is  standardized 
with  benzoic  acid.  Dissolve  about  0.25  gram  of  accurately  weighed 
benzoic  acid  in  20  cm3  of  ethyl  alcohol  in  a  stoppered  flask.  Add  30 
cm3  of  the  sodium  hydroxide  solution  and  50  cm3  of  water  and  titrate 
the  excess  alkali  with  the  0.1  X  nitric  acid.  Calculate  the  grams  of 
phosphorus  equivalent  to  1  cm3  of  the  sodium  hydroxide  solution, 
taking  1  cm3  of  a  normal  solution  as  being  equivalent  to  0.12205 
gram  of  benzoic  acid  and  0.00135  gram  of  phosphorus. 

0.1  N  nitric  acid. — A  solution  containing  6.3  cm3  of  nitric  acid 
(specific  gravity,  1.42)  per  liter  is  standardized  against  the  sodium 
hydroxide  solution  under  conditions  similar  to  a  regular  determination. 
Macerate  a  filter  paper  with  a  glass  rod  in  50  cm3  of  water  and  remove 
the  rod.  Add  15  cm3  of  standard  sodium  hydroxide,  close  the  flask 
with  a  rubber  stopper,  and  swirl  for  1  minute.     Remove  the  stopper, 
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add  50  cm3  more  water,  4  drops  of  phenolphthalein,  and  titrate  with 
the  nitric  acid. 

Nitric  acid  (specific  gravity,  1.20). — A  solution  containing  400  cm3 
of  nitric  acid  (specific  gravity,  1.42)  and  600  cm3  of  water  is  approx- 
imately correct.  Check  the  specific  gravity  of  the  mixture  with  a 
hydrometer  and  adjust  to  correct  value  if  necessary. 

SULPHUR  FORMS  IN  COAL 

Three  forms  of  sulphur  are  recognized  in  coal:  (1)  Sulphur  com- 
bined with  iron  as  pyrite  or  marcasite  and  known  as  pyritic  sulphur, 
(2)  sulphur  combined  with  the  coal  substance  as  organic  sulphur, 
and  (3)  small  amounts  of  sulphate  sulphur  in  the  form  of  calcium 
sulphate  or  iron  sulphate.  Freshly  mined  coal  usually  contains  only 
small  amounts  of  sulphate  sulphur.  These  forms  of  sulphur  are 
determined  on  samples  of  air-dried  coal  crushed  to  pass  a  No.  100 
(149-micron)  sieve  by  methods  developed  by  Powell.18 

The  sulphate  sulphur  is  extracted  from  the  coal  with  dilute  hydro- 
chloric acid.  The  pyritic  sulphur  plus  sulphate  sulphur  is  extracted 
from  another  portion  of  the  coal  with  dilute  nitric  acid.  The  pyritic 
sulphur  is  then  determined  by  (1)  subtracting  the  sulphate  sulphur 
from  the  nitric  acid  soluble  sulphur  and  by  (2)  calculation  from  the 
pyritic  iron  which  is  the  nitric  acid  soluble  iron  less  the  hydrochloric 
acid  soluble  iron.  The  organic  sulphur  is  taken  as  the  difference 
between  the  total  sulphur  and  the  sum  of  the  pyritic  and  sulphate 
sulphur. 

SULPHATE    SULPHUR 

Weigh  out  a  5-gram  sample  and  place  it  in  a  600-cm3  beaker. 
Cover  this  carefully  with  300  cm3  of  diluted  hydrochloric  acid  (70  cm3 
concentrated  hydrochloric  acid  and  930  cm3  water),  using  small 
amounts  at  first  and  stirring  with  a  glass  rod  until  the  sample  is 
thoroughly  wetted.  Cover  with  a  watch  glass  and  place  on  a  water 
bath  or  some  other  warm  place  where  it  can  digest  at  about  60°  C. 

At  the  end  of  40  hours  filter  the  contents  of  the  beaker,  discarding 
the  coal  material  left  on  the  filter  after  washing  several  times  with 
cold  water.  Add  2  cm3  of  bromine  water  and  heat  almost  to  boiling. 
Pour  this  acid  solution  into  an  excess  of  ammonium  hydroxide  (20  cm3 
is  usually  sufficient)  and  stir  to  coagulate  the  ferric  hydroxide.  Filter 
off  this  iron  precipitate,  wash  with  hot  water,  and  retain  it  for  the 
determination  of  hydrochloric  acid  soluble  iron  required  later. 

Neutralize  the  filtrate  with  concentrated  hydrochloric  acid  and  add 
an  excess  of  about  1  cm3,  using  methyl  orange  indicator.  Heat  the 
solution  to  boiling,  add  slowly,  while  stirring,  10  cm3  of  10-percent 
barium  chloride  solution,  and  allow  to  stand  for  several  hours.  Filter 
and  wash  the  precipitate  with  hot  water  until  free  of  chlorides,  ignite 
the  filter  paper,  and  weigh  the  barium  sulphate.  The  weight  of 
barium  sulphate,  in  grams,  multiplied  by  2.75,  represents  the  per- 
centage of  sulphur  combined  as  sulphate  in  the  coal. 

Dissolve  the  precipitate  of  ferric  hydroxide  off  the  filter  with  the 
least  possible  quantity  of  hot  hydrochloric  acid  (1:1),  added  drop  by 
drop,  and  wash  the  paper  three  or  four  times  with  small  amounts  of 

"  Powell,  Alfred  R.,  The  Analysis  of  Sulphur  Forms  in  Coal:  Tech.  Paper  254,  Bureau  of  Mines,  1921, 
21pp. 
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hot  water.  Heat  the  acid  solution  contained  in  a  100-cm3  beaker 
almost  to  boiling  and  add  stannous  chloride  (50  grams  of  stannous 
chloride  dissolved  in  100  cm3  of  hot  concentrated  hydrochloric  acid 
and  diluted  to  1,000  cm3  with  water)  drop  by  drop  from  a  burette  until 
the  solution  is  colorless.  Cool  the  solution  rapidly,  transfer  it  to  a 
600-cm3  beaker,  and  dilute  to  about  350  cm3  with  cold  water.  Add 
5  cm3  of  a  saturated  solution  of  mercuric  chloride,  stir  the  solution 
thoroughly,  then  add  20  cm3  of  manganous  sulphate  solution  (90  grams 
of  manganous  sulphate,  650  cm3  of  water,  175  cm3  of  sulphuric  acid, 
1.84  specific  gravity,  and  175  cm3  phosphoric  acid,  1.71  specific 
gravity)  and  stir  until  well-mixed.  Titrate  at  once  with  0.02  N  po- 
tassium permanganate  until  the  faintest  pink  color  is  noticeable. 
The  number  of  cubic  centimeters  of  0.02  N  potassium  permanganate 
used,  multiplied  by  0.0223,  gives  the  percentage  of  hydrochloric  acid 
soluble  iron  in  the  coal. 

PYRITIC    SULPHUR 

Weigh  out  a  1-gram  sample  of  the  coal  into  a  150-cm3  beaker,  cover 
with  80  cm3  of  dilute  nitric  acid  (1  : 3),  and  allow  to  stand,  stirring 
occasionally,  for  24  hours  at  room  temperature.  Filter  and  discard 
the  coal  residue  after  washing  several  times  with  cold  water.  Add 
2  cm3  of  concentrated  hydrochloric  acid  to  the  filtrate  and  evaporate 
to  dryness  on  a  water  bath.  Dissolve  the  residue  in  25  cm3  of  water 
and  5  cm3  of  concentrated  hydrochloric  acid.  Pour  this  acid  solution 
into  a  100-cm3  beaker  containing  20  cm3  of  hot  ammonium  hydroxide 
(1:2).  Add  more  ammonium  hydroxide  if  necessary  to  precipitate 
the  iron.  Filter  off  this  iron  precipitate,  wash  with  hot  water,  dis- 
solve with  hydrochloric  acid,  and  titrate  the  iron  as  described  for  the 
hydrochloric  acid  soluble  iron.  The  number  of  cubic  centimeters  of 
0.02  N  potassium  permanganate  used,  multiplied  by  0.1117,  gives  the 
percentage  of  iron,  both  pyritic  and  hydrochloric  acid  soluble,  in  the 
coal. 

Sulphur  in  the  filtrate  is  determined  by  the  method  used  for  sul- 
phate sulphur.  The  weight  of  barium  sulphate,  in  grams,  multiplied 
by  13.73,  represents  the  percentage  of  sulphur,  both  pyritic  and  sul- 
phate, in  the  coal. 

The  pyritic  sulphur  in  the  coal  is  determined  by  subtracting  the 
percentage  of  sulphate  sulphur  from  the  percentage  of  nitric  acid 
soluble  sulphur  obtained.  Also,  as  a  check,  the  percentage  of  hydro- 
chloric acid  soluble  iron  is  subtracted  from  the  percentage  of  nitric 
acid  soluble  iron  obtained  and  the  result  multiplied  by  1.148.  Note 
how  it  compares  with  the  percentage  of  pyritic  sulphur.  If  the  calcu- 
lated percentage  is  lower  than  that  obtained  directly,  the  calculated 
value  is  considered  to  be  the  correct  one. 

ORGANIC   SULPHUR 

Organic  sulphur  is  determined  by  difference  by  subtracting  the 
sum  of  the  sulphate  and  pyritic  sulphur  from  the  percentage  of  total 
sulphur  in  the  coal  as  determined  by  the  Eschka  method. 

CARBON  DIOXIDE  IN  COAL 

Small  amounts  of  mineral  carbonates  occur  in  many  coals  and  com- 
paratively   large    amounts   in    some    coals.     The    determination    of 
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carbon  dioxide  is  required  in  estimating  the  mineral-matter  content 
of  high-carbonate  coals  for  classification  u'  purposes. 

Carbon  dioxide  is  determined  by  boiling  the  coal  with  dilute  hydro- 
chloric acid  and  absorbing  the  liberated  carbon  dioxide  in  an  absorp- 
tion bulb  containing  a  solution  of  30-percent  potassium  hydroxide, 
some  soda  lime,  and  granular  calcium  chloride. 

Apparatus. — The  apparatus  used  for  the  determination  is  shown 
in  figure  9.  A  300-cm3  Erlenmeyer  flask,  a,  is  fitted  with  a  rubber 
stopper  provided  with  two  holes.  In  one  hole  is  placed  a  separatory 
funnel,  b.  which  is  provided  with  a  glass  cylinder,  c,  filled  with  moist 
soda  lime  to  free  the  incoming  air  from  carbon  dioxide.  The  stem  of 
the  separatory  funnel  extends  almost  to  the  bottom  of  the  Erlenmeyer 
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Figure  9. — Apparatus  for  determining  CO2. 

flask.  The  other  hole  of  the  stopper  is  fitted  to  a  water-cooled  con- 
denser, d;  this  is  connected  to  an  absorption  bulb,  e,  having  a  layer 
of  glass  wool  on  the  bottom  and  filled  with  8-mesh  anhydrous  calcium 
chloride  saturated  with  carbon  dioxide.  Bulb  e  is  followed  by 
another  absorption  bulb,  /,  filled  about  two-thirds  full  with  pieces 
of  pumice  impregnated  with  anhydrous  copper  sulphate. 

The  impregnated  pumice  is  prepared  as  follows:  Crush  pumice  to 
approximately  quarter-inch  size,  sieve  free  from  dust,  and  transfer 
60  grams  to  a  casserole.  Cover  with  a  concentrated  solution  of  30 
to  35  grams  of  copper  sulphate,  evaporate  to  dryness  while  stirring 

"American  Society  for  Testing  Materials,  Standard  Specifications  for  Classification  of  Coals  by  Rank: 
Supplement  to  Book  of  A.S.T.M.  Standards,  1937,  pp.  144-1.50. 
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constantly,  and  then  heat  for  3  to  4  hours  at  150°  to  160°  C.  in  an  air 
bath.     Cool  in  a  desiccator  and  preserve  in  a  glass-stoppered  bottle.20 

The  pumice  impregnated  with  copper  sulphate  absorbs  any  hydrogen 
sulphide  and  hydrochloric  acid  that  may  be  present.  The  remainder 
of  bulb  j  is  filled  with  8-mesh  anhydrous  calcium  chloride.  The 
Vanier  bulb,  g,  contains  a  30-percent  solution  of  potassium  hydroxide, 
moist  soda  lime  in  the  bottom  of  the  inside  tube,  and  8-mesh  anhydrous 
calcium  chloride  in  the  top.  Suction  is  applied  to  the  Vanier  bulb 
by  a  filter  pump  through  a  guard  U-tube,  h,  and  a  Mariotte  flask,  i. 
The  latter  keeps  the  pressure  constant;  the  rate  of  flow  is  regulated 
by  a  screw  clamp  placed  between  the  bulb  and  guard  tube.  Guard 
tube  h  contains  anhydrous  calcium  chloride  in  the  first  arm  and 
soda  lime  in  the  arm  connected  to  the  Mariotte  flask. 

Procedure. — Place  a  5-gram  sample  of  air-dried  60-mesh  coal  in 
the  Erlenmeyer  flask  and  add  75  cm3  of  hot,  recently  boiled  distilled 
water.  Shake  the  flask  to  wet  the  sample  and  connect  it  to  the  ap- 
paratus. Before  inserting  the  Vanier  bulb  in  the  absorption  train 
displace  the  air  by  aspirating  carbon-dioxide-free  air  for  about  10 
minutes  at  a  rate  of  2  or  3  bubbles  a  second,  as  indicated  in  the  flask. 
Heat  the  mixture  to  boiling  during  this  preliminary  aspiration  to 
remove  any  absorbed  carbon  dioxide  from  the  coal.  Remove  the 
flame,  connect  the  weighed  Vanier  bulb  to  the  apparatus,  and  adjust 
the  aspiration  to  give  2  or  3  bubbles  a  second  through  the  bulb. 
Close  the  stopcock  of  the  separatory  funnel,  remove  the  stopper,  and 
place  30  cm3  of  dilute  hydrochloric  acid  (1:1)  in  the  funnel.  Replace 
the  stopper  and  open  the  stopcock  to  allow  the  acid  to  flow  into  the 
flask.  If  much  carbonate  is  present,  add  the  acid  slowly  to  prevent 
too  rapid  evolution  of  carbon  dioxide.  Heat  the  Erlenmeyer  flask 
until  the  contents  boil  gently  and  continue  the  boiling  for  10  to  15 
minutes.  Maintain  the  current  of  carbon  dioxide-free  air  through 
the  apparatus  during  this  period  and  for  an  additional  20  to  30  minutes 
to  insure  that  all  the  carbon  dioxide  is  swept  into  the  Vanier  bulb. 
Remove  the  Vanier  bulb,  wipe  with  a  clean  cloth,  allow  to  stand  20 
minutes  at  room  temperature,  and  weigh.  The  increase  in  weight 
is  the  carbon  dioxide  in  the  coal  sample. 
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A  multiple-unit  calorimeter 21  is  now  used  by  the  Bureau  of  Mines 
because  of  the  large  number  of  determinations  that  have  to  be  made 
daily.  Before  installing  this  special  calorimeter  the  Bureau  used  the 
ordinary  type  of  water-jacketed  oxygen  bomb  calorimeter  and  com- 
bustion bombs  having  an  inner  surface  of  platinum,  gold,  porcelain 
enamel,  or  other  material  that  is  not  attacked  by  nitric  and  sulphuric 
acid  or  other  products  of  combustion. 

A  brief  description  of  the  details  of  operation  of  commercial  types 
of  calorimeters  follows. 

PROCEDURE 

A  1-gram  sample  of  coal  (60-mesh)  is  put  in  a  platinum  tray,  the 
bottom  of  which  is  covered  with  a  piece  of  asbestos  paper  that  has 

20  Hillebrand,  W.  F.,  and  Lundell,  G.  E.  F.,  Applied  Inorganic  Analysis:  John  Wiley  &  Sons,  Inc.,  New 
York,  1929,  pp.  42-J3. 

2'  Davis,  J.  D.,  and  Wallace,  E.  L.,  A  Convenient  Multiple-Unit  Calorimeter  Installation:  Tech.  Paper  91, 
Bureau  of  Mines,  1918,  48  pp. 
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been  ignited.  The  use  of  this  asbestos  mat  avoids  trouble  in  com- 
pletely burning  anthracite.  About  0.5  cm3  of  water  is  placed  in  the 
bottom  of  the  bomb  to  saturate  with  moisture  the  oxygen  used  for 
combustion.  One  of  the  platinum  terminals  of  the  firing  circuit  is 
attached  to  the  tray  The  terminals  are  connected  by  a  piece  of  iron 
wire  (platinum  wires  should  be  used  when  the  bomb  is  platinum- 
lined)  105  mm  long  and  0.16  mm  in  diameter,  weighing  about  13  mg. 
The  ends  of  the  wire  are  attached  to  the  platinum  terminals,  which 
must  be  clean,  simply  by  wrapping  the  wire  tightly  around  them. 
The  iron  wire  is  bent  down  so  as  to  touch  the  coal  sample  on  the  mat 
within  the  tray.  Then  the  tray  is  put  in  the  bomb  and  the  lid  screwed 
down  tightly  against  the  lead  gasket.  Oxygen  is  admitted  slowly  into 
the  bomb  until  the  pressure  gage  recording  the  pressure  within  the 
bomb  reads  20  to  30  atmospheres,  depending  on  the  size  of  bomb  used. 
For  the  larger  bombs  a  pressure  of  20  atmospheres  is  sufficient,  while 
smaller  bombs  may  require  as  much  as  30  atmospheres  to  furnish 
enough  oxygen  for  complete  combustion.  The  bomb  should  contain 
at  least  5  grams  of  oxygen  per  gram  of  coal  or  other  combustible. 
The  oxygen  must  be  admitted  very  slowly  so  that  no  particles  of  coal 
dust  will  be  blown  out  of  the  tray.  When  extremely  light  materials, 
such  as  peat,  are  used  it  is  best  to  briquet  the  sample  and  use  a 
weighed  portion  of  the  broken  briquets  instead  of  the  powdered 
sample. 

The  bomb  filled  with  oxygen  is  placed  in  the  brass  bucket  contain- 
ing 2,000  to  2,500  grams  of  distilled  water,  depending  upon  the  type 
of  calorimeter  used,  the  bucket  having  previously  been  put  in  the 
insulated  jacket.  The  temperature  of  the  water  should  be  2.5°  to 
3°  C.  below  the  temperature  of  the  water  jacket.  The  stirring  appa- 
ratus is  adjusted  so  that  it  touches  neither  bucket  nor  bomb,  and  the 
thermometer  is  inserted  so  that  the  bulb  is  about  5  cm  from  the 
bottom  of  the  bucket  and  is  in  contact  with  no  metal  parts  of  the 
apparatus.  The  outside  terminals  of  the  bomb  are  connected  with 
wires  leading  to  the  switch.  After  the  stirrer  has  been  in  motion 
about  1  minute,  or  when  the  water  has  been  mixed  thoroughly,  the 
first  reading  of  the  thermometer  is  taken  by  means  of  a  reading  tele- 
scope attached  to  a  cathetometer.  The  thermometer  is  graduated  to 
0.01°  C,  and  the  readings  can  be  interpolated  to  0.001°  C.  For 
accurate  calorimetric  work  the  thermometers  should  be  calibrated  to 
0.001°  C.  The  stirring  should  be  continued  at  a  uniform  rate  through- 
out the  determination  and  should  be  rapid  enough  to  insure  thorough 
mixing.  In  covered  calorimeters  the  temperature  should  never  be 
allowed  to  rise  more  than  1°  C.  above  the  temperature  of  the  water 
jacket. 

A  reading  telescope  and  cathetometer  greatly  increase  the  accuracy 
of  the  thermometer  readings. 

The  instrument  shown  in  figure  10  was  built  in  the  machine  shop  of 
the  Bureau. 

Sliding  carriage  a  moves  freely  on  brass  tube  b,  inside  of  which  is 
lead  counterweight  c. 

The  reading  telescope,  which  has  a  magnifying  power  of  55  diam- 
eters, may  be  adjusted  at  any  angle  with  the  horizontal  to  suit  the 
convenience  of  the  operator;  however,  this  angle  must  be  maintained 
constant  throughout  a  determination. 
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Rotation  of  the  telescope  around  the  tube  is  prevented  by  a  project- 
ing; pin  in  the  carriage,  which  engages  a  vertical  groove  in  the  brass  tube. 

The  actual  determination  may  be  divided  into  three  periods — the 
preliminary  period,  the  combustion  period,  and  the  final  period.  The 
preliminary  period  usually  requires  five  readings  taken  1  minute  apart, 
or  until  the  rate  of  change  per  minute  is  nearly  constant.  After  the 
fifth  reading  has  been  taken  the  current  at  20  volts  is  turned  on  for 


Figure  10. — Reading  telescope  and  cathetometer. 

about  half  a  second.  This  is  the  beginning  of  the  combustion  period. 
The  first  two  readings  in  this  period  are  taken  half  a  minute  apart 
because  the  change  in  temperature  is  so  great.  <  The  temperature  rises 
to  a  maximum  and  then  begins  to  fall;  after  its  rate  of  fall  becomes 
uniform  readings  are  taken  every  minute  for  5  or  6  minutes.  The 
final  reading  of  the  combustion  period  is  the  first  reading  after  the  rate 
of  fall  becomes  uniform. 

97977°— S3 5 
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CALCULATIONS 

The  following  figures  are  from  an  actual  determination  and  show 
the  method  of  calculating  the  result  and  the  corrections  applied: 

Method  of  calculating  from  calorimeter  readings 

[Sample  No.  111:4:;.    Weight,  1.0000  gram] 

Readings, 
p.  m. 

1.  00 

23.874       0.0058     rate  of  change  in  preliminary  period.  26.463 

•  55       2a  879  '  23.  897 

.56       23.  8S5  Observed  temperature  change 2.566 

.57       23.892  Thermometer  correction .002 

Stem  correction .  000 

.58       23.  S97   +1.  0058  2.  564 

0.0027     Radiation  loss .0066 

2.  5706 

24.  160   T'.  0049  Water  equivalent 3,000 

+  2.  0014  

.59       25.  430  4- ».  0008                        Total  heat  developed     calories..    7,711.8 
— 2.  0006     Correction 40.3 

.  60       26.  280   -\  0020  Heat  developed  by  combustion  of 

sample caloric-       7.  671.  5 

-2.  0023 
2.  01   26.439  -1.0025 

--.  0026 

2.  02   26.  463  -1.  0026 

-2.  0026 
.  03   26.  466  - 1.  0026 

-2.  0026 
-1.  0026 

—  0.  0066  algebraic  sum. 

.  04       26.  403 

.  05       26.  460 

.  06       26.  458   -0.  0026  rate  of  change  in  final  period. 

.  07       26.  45.5 

.  08       26.  454 

.  09       26.  450 

Calories 
\\  ire  burned  =11.2  mg  =17.  9 

Titer  (1  cm3  =  5  calories),  2.5  cm3  =12.  5 

Sulphur  (0.01  gram  =13  calories),  0.0076  gram  =9.  9 

Room  temperature  =  24°  C.  40.  3 

1  Computed  rate  per  minute  of  temperature  change  at  each  reading. 
>  Temperature  correction  for  heat  loss  during  each  interval. 

The  reading  23.874°,  taken  at  1  :  54  p.  m.,  is  the  first  reading  of  the 
^preliminary  period.  The  temperature  reading  23.897°  is  the  last 
ling  of  the  preliminary  period  and  was  taken  at  1:58  p.  m.,  4 
minutes  after  the  first  loading;  hence,  23.897°  — 23. 874°  =  0. 023°, 
total  change  in  temperature  during  the  preliminary  period;  also 
0.023°-^-4=0.0058°,  rate  of  change  per  minute  during  the  preliminary 
period. 

The  rate  of  change  per  minute  in  the  final  period  is  found  in  like 
manner  to  be  —0.0020°;  hence,  +0.0058°—  (  — 0.0026°)  =  0.0084°, 
change  in  rate  during  the  combustion  period. 
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The  observed  change  in  temperature  during;  the  combustion  period 
is  2.564°;  the  change  in  rate  per  degree  of  temperature  change  in  the 

0  0084° 
combustion  period  is  therefore  equal  to  o'     4o  =0.0033°. 

The  change  in  temperature  during  the  first  half  minute  of  the  com- 
bustion period  is  0.263°,  and 
0. 263°X0.0033°  =  0. 0009°,  change  in  rate  during  first  half  minute  of 

combustion  period. 
0.0058°  — 0.0009°  =  0. 0049°,  rate  of  temperature  change  at  reading  at 

1:58%  p.  m. 

The  rate  of  change  for  each  succeeding  reading  in  the  combustion 
period  is  calculated  in  the  same  way. 

The  temperature  correction  for  the  heat  loss  during  the  half- 
minute  readings  is  made  by  dividing  the  algebraic  sum  of  the  rates 
by  4,  and  for  the  minute  readings  the  algebraic  sum  is  divided  by  2, 
because  the  temperature  correction  for  heat  loss  during  each  interval 
is  the  mean  rate  per  minute  of  temperature  change  multiplied  by  the 
time  of  the  interval  in  minutes.  For  example,  at  1:58  p.  m.  the  rate 
per  minute  of  temperature  change  is  +0.0058°,  and  at  1:58%  the  rate 
per  mmute  of  temperature  change  is  +0.0049°;  therefore  the  mean 
rate  per  minute  of  temperature  change  for  the 

i    u      •      +    •   ±         i-    0-0058+ (+0.0049)       innn-,0 
half-mmute  interval  is ^ -=+0.00o4°, 

and  KX  (+0.0054)  =  +0.0027,  which  is  the  correction  for  heat  loss 
taking  place  during  the  half-minute  interval.  The  algebraic  sum  of 
all  the  temperature  corrections  for  heat  loss  during  each  interval  is 
added  to  the  observed  temperature  change  after  corrections  have 
been  made  for  the  errors  and  stem  correction  in  the  thermometer; 
this  figure  multiplied  by  the  water  equivalent  of  the  apparatus  gives 
the  total  heat  developed. 

With  a  slide  rule  the  analyst  can  easily  compute  a  calorimeter 
determination  while  making  the  observations  of  the  following  deter- 
mination. 

Further  corrections  must  be  deducted  for  heat  due  to  formation  of 
aqueous  nitric  acid  and  sulphuric  acid  and  to  combustion  of  the  iron 
wire.  The  correction  for  iron  wire  is  1.6  calories  per  milligram. 
The  correction  for  sulphur  burned  to  sulphuric  acid  (H2S04)  is  13 
calories  per  0.01  gram  of  sulphur.  The  correction  for  nitrogen  to 
aqueous  nitric  acid  is  made  by  titrating  the  acidity  of  the  bomb 
liquor  with  standard  ammonia  solution  (0.00587  gram  NH3  per  cubic 
centimeter)  and  is  equivalent  to  5  calories  per  cubic  centimeter. 

DETERMINATION  OF  SULPHUR— CORRECTION  FOR  ACIDITY 

After  combustion  of  the  coal  in  the  calorimeter  the  bomb  is  washed 
out  thoroughly,  and  the  washings  are  titrated  with  standard  ammonia 
solution  (0.005S7  gram  per  cubic  centimeter),  methyl  orange  being 
used  as  an  indicator.  The  acidity  is  due  to  the  nitric  acid  (HX03) 
formed  from  the  nitrogen  of  the  coal  and  the  nitrogen  of  the  air  in 
the  bomb  and  also  to  the  sulphuric  acid  (H2S04)  formed  from  the 
combustion  of  the  sulphur  hi  the  coal.  The  sulphur  can  be  easily 
deteraiined  by  precipitation  as  barium  sulphate  (BaS04).  It  is  con- 
venient to  make  the  ammonia  solution  of  such  strength  that  1  cm3 


32  METHODS    OF   ANALYZING    COAL   AND    COKE 

is  equivalent  to  0.00483  gram  of  nitrogen,  as  this  weight  of  nitrogen 
burned  to  nitrogen  pentoxide  (Na06)  plus  water  generates  5  calories 
of  heat.     The  computation  follows: 

The  calorific  value  of  nitrogen  burning  to  N205+water  is  1,035 
calories  per  gram;  1,035  calories  :  5  calories  :  :  1  gram  :  0.00483 
gram.  Therefore,  0.00483  gram  of  nitrogen  generates  5  calories  of 
heat  when  burned  to  aqueous  nitric  acid. 

The  ammonia  solution  is  made  up  according  to  the  equation: 

HN03-fNH3=NH4N03 
Since  N=14  and  NH3=17, 

14  :    17  =  0.00483  gram  :    0.00587  gram 

Therefore.  0.00587  gram  of  NH3  is  equivalent  to  0.00483  gram  of 
nitrogen,  which  when  burned  to  aqueous  nitric  acid  (HN03)  generates 
5  calories  of  heat.  The  standard  solution  contains  5.87  grams  of 
XH3  per  liter.  The  solution,  when  used  to  titrate  the  bomb  liquor 
after  combustion  of  a  coal  sample,  must  satisfy  not  only  the  nitric 
acid  formed  but  also  any  sulphuric  acid  resulting  from  the  combus- 
tion of  the  sulphur  in  the  coal. 

The  strength  of  the  ammonia  solution  in  terms  of  sulphur  in  the 
form  of  sulphuric  acid  (H2S04)  is  determined  by  the  following  equation: 

2NH3+H2S04=  (NH4)2S04 

2NH3  :    S  =  34  :    32=0.00587  gram  NH3  :    0.0055  gram  S 

The  heat  of  combustion  of  sulphur  to  aqueous  sulphuric  acid 
(H2S04)  is  4,450  calories  per  gram  of  sulphur.  This  reaction  takes 
place  in  the  bomb  calorimeter  when  the  fuel  is  burned  in  an  atmos- 
phere of  oxygen  under  high  pressure. 

In  the  ordinary  combustion  of  coal  under  a  boiler  the  sulphur 
burns  to  sulphur  dioxide  (S02),  the  heat  of  formation  of  which  is 
2,250  calories  per  gram  of  sulphur.  The  difference  between  these 
two  calorific  values  (4,450  calories— 2,250  calories)  is  2,200  calories 
per  gram  of  sulphur.  Therefore,  a  correction  of  2,200  calories  per 
gram  of  sulphur  must  be  made  in  the  calorimeter  determinations, 
owing  to  the  formation  of  aqueous  sulphuric  acid.  As  1  cm3  of  the 
ammonia  solution  is  equivalent  to  0.0055  gram  of  sulphur,  0.0055 
times  2,200  equals  12.1  calories,  the  heat  correction  to  be  made  if  all 
the  acidity  of  the  liquor  from  the  bomb  represented  sulphuric  acid 
(H2S04). 

Hence,  the  ammonia  solution  containing  0.00587  gram  (NH3)  per 
cubic  centimeter  is  equivalent  to  5  calories  for  nitrogen  converted  to 
aqueous  nitric  acid  (HN03)  or  to  12.1  calories  for  sulphur  converted 
to  aqueous  sulphuric  acid  (H2S04).  A  further  correction,  therefore, 
must  be  applied  for  the  sulphur  that  is  determined  separately.  This 
correction  is  a  function  of  the  difference  between  the  value  of  the 
ammonia  solution  in  terms  of  sulphur  (12.1  calories)  and  its  value  in 
terms  of  nitrogen  (5  calories),  or  7.1  calories.  The  difference,  7.1, 
divided  by  0.0055,  the  value  of  1  cm3  of  ammonia  solution  in  grams 
of  sulphur,  equals  1,291  calories  per  gram  of  sulphur,  or  13  calories 
for  each  0.01  gram  of  sulphur. 

The  total  acidity  correction  is,  then,  the  number  of  cubic  centi- 
meters of  ammonia  (NH3)  solution  multiplied  by  5  (the  factor  for 
nitric  acid)  plus  the  number  of  centigrams  of  sulphur  multiplied  by  13. 
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CONSTANT-TEMPERATURE  TANK  FOR  CALORIMETER  WATER 

A  constant-temperature  apparatus  (fig.  11)  provides  a  supply  of 
water  at  the  proper  starting;  temperature  for  calorimetric  determina- 
tions. This  apparatus  consists  of  a  large  copper  tank,  A,  containing 
stirrer  a,  driven  by  a  small  electric  motor,  and  electric  thermostat  b, 
which  operates  electromagnetic  valve  c  in  ice-water  tank  B.  After  a 
calorimetric  determination  has  been  made  the  slightly  warmed  water 
in  the  bucket  is  returned  to  the  large  tank.  The  addition  of  warmer 
water  causes  the  thermostat  to  close  an  electrical  circuit  through  a 
dry  battery  and  relay,  which  in  turn  closes  a  220-volt  circuit  through 
the  coil  of  electromagnet  d,  which  opens  the  valve  admitting  ice  water. 
When  the  water  in  the  large  tank  has  cooled  to  the  proper  tempera- 
ture the  circuit  is  broken  automatically,  and  the  valve  closes.  The 
water  for  each  determination  is  drawn  off  from  the  tank  at  cocks  e 
and  j  and  is  weighed  in  the  calorimeter  bucket.  A  tare  weight  equal 
to  the  total  water  equivalent  of  the  calorimeter  plus  the  weight  of  the 
empty  bucket  is  provided  by  means  of  a  strong  glass  bottle  con- 
taining shot. 

STANDARDIZATION   OF  THE  CALORIMETER 

The  first  detail  to  be  considered  in  calorimetric  work  is  the  correct 
determination  of  the  water-equivalent  value  of  the  apparatus.  This 
equivalent  may  be  determined  by  a  number  of  methods,  which  differ 
in  accuracy,  as  follows: 

1.  By  adding  the  products  of  the  weight  of  the  different  parts  of  the  appara- 
tus times  their  specific  heat. 

2.  By  generating  heat  within  the  bomb  by  passing  a  measured  electric  cur- 
rent through  a  known  resistance  for  a  given  length  of  time. 

3.  By  adding  definite  weights  of  water  at  different  temperatures  to  the  system 
and  noting  the  corresponding  temperature  changes. 

4.  By  varying  the  quantity  of  water  surrounding  the  bomb,  thus  keeping 
the  heat  generated  within  the  bomb  constant. 

5.  By  the  combustion  of  a  substance  of  known  calorific  value. 

Method  of  specific  heats. — One  of  the  Mahler  bombs  (No.  411)  of 
the  Bureau  of  Mines  showed  a  water  equivalent  of  500  as  determined 
from  the  average  of  15  combustions  of  pure  naphthalene,  benzoic 
acid,  and  sucrose  (cane  sugar);  this  value  was  checked  by  the  method 
of  specific  heats  with  the  following  results: 

Determination  of  xvater  equivalent  by  method  of  specific  heats 


Steel  (bomb) 

Brass  (bucket) 

Lead  (gasket),  mercury  (thermometer),  platinum  (tray  and  supports) 

Enamel  (lining  of  bomb) 

Glass  (immersed  portion  of  thermometer) 

Oxygen  (in  bomb) 

Water  (in  bomb) 


Weight, 
grams 


3.946.4X 
732.  9X 
81. 6X 
20.  OX 
11.  5X 
14.  OX 
3.  OX 


Specific 
heat 


i  0. 1097 
i.093 
1.0324 
».  2045 
3. 198S 
3.2175 
1 


Water 
equiva- 
lent 


432.  92 
68.16 
2.64 
4.09 
2.29 
3.05 
3.00 


516.  15 


i  Stohman. 


2  Louguinine. 


s  Landolt  and  Bornstein. 
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Fioi  be  11.    Constant-temperature  apparatus. 
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The  standardization  of  a  bomb  calorimeter  by  the  above  method 
is  not  satisfactory.  It  is  usually  impossible  to  weigh  each  part  of 
the  bomb.  For  example,  in  the  Mahler  bomb  the  weight  of  the  por- 
celain lining  can  be  estimated  only;  furthermore,  there  is  no  accurate 
method  of  allowing  for  the  portions  of  the  bomb,  bucket,  and  stirrer 
that  are  not  immersed  in  the  water. 

Electrical  method. — The  electrical  method  22  of  standardization  is 
capable  of  the  highest  degree  of  accuracy  and  is  used  for  fundamental 
determinations  of  the  heating  values  of  standard  substances,  such  as 
sucrose,  benzoic  acid,  and  naphthalene.  However,  the  accurately 
calibrated  and  necessarily  expensive  electrical  measuring  instruments 
required  by  this  method  place  it  beyond  the  reach  of  the  average 
technical  laboratory. 

Method  oj  mixtures. — The  method  of  mixtures 23  has  been  used 
widely  in  the  standardization  of  calorimeters.  A  serious  objection 
to  the  use  of  this  method  is  the  experimental  difficulty  of  deter- 
mining the  exact  temperature  at  which  the  warmer  or  colder  water  is 
introduced.  Furthermore,  the  conditions  of  standardization  differ 
from  those  prevailing  during  an  actual  combustion,  so  that  uncer- 
tainties in  the  correction  for  "heat  losses"  are  introduced. 

Differential  method. — The  water  equivalent  of  the  ordinary  type  of 
bomb  calorimeter  cannot  be  determined  accurately  by  varying  the 
quantity  of  water  in  the  calorimeter  bucket,  as  a  variation  of  water 
level  changes  the  heat  capacity  of  the  instrument;  moreover,  the 
comparatively  small  differences  in  quantity  of  water  that  must 
necessarily  be  used  greatly  multiply  the  chances  of  thermometric 
errors.24 

Method  of  known  calorific  values. — The  most  convenient  and  accu- 
rate method  of  calibrating  commercial  calorimeters  is  by  the  com- 
bustion of  standard  substances,  the  calorific  values  of  which  have 
been  accurately  determined  in  calorimeters  calibrated  by  electrical 
methods.  Standard  substances  of  certified  calorific  value  may  now 
be  obtained  from  the  National  Bureau  of  Standards,25  as  follows: 

Calorific  value  of  standard  substances 

Calories  l 

Benzoic  acia 6,  320 

Naphthalene 9,  614 

Sucrose 3,  949 

1  For  1  gram  of  substance  weighed  in  air. 

In  using  this  method  the  final  water-equivalent  value  should  be 
based  on  an  average  of  at  least  five  determinations,  which  should  be 
carried  out  with  the  thermometer  used  in  daily  work  and  under  the 
same  conditions  that  prevail  in  the  routine  operation  of  the  apparatus. 
The  weight  of  substance  taken  for  combustion  should  give  approxi- 
mately the  same  rise  of  temperature  as  is  obtained  in  the  combustion 
of  1  gram  of  coal.  For  naphthalene  this  weight  is  about  0.8  gram; 
benzoic  acid,  1.2  grams;  and  sucrose,  2  grams.  The  Bureau  of  Mines 
uses  benzoic  acid  for  calibrating  calorimeters 

22  Jaeger,  W.,  and  Steinwehr,  H.  v..  Eichung  eines  Berthelotschen  Ver  brennungs-Kalorimeters  in  elektri- 
schen  Einheiten,  mittels  des  Platinthermometers:  Ann.  Phys.,  Bd.21, 1906,  pp.  23-63;  also  bulletin  of  the 
National  Bureau  of  Standards,  Reprint  135,  1909. 

«  Bownocker.  J.  A.,  Lord,  X.  W.,  and  Somermeier,  E.  E.,  Coal:  Ohio  Geol.  Survey  Bull.  9,  1908,  p.  331. 

21  Bownocker,  J.  A.,  Lord,  N.  W.,  and  Somermeier,  E.  E.,  work  cited,  pp.  332-334. 

25  National  Bureau  of  Standards,  The  Standardization  of  Bomb  Calorimeters:  Circ.  11, 1917, 18  PP.  Stand- 
ard Samples  Issued  or  in  Preparation  by  the  National  Bureau  of  Standards:  Circ.  C398, 1937, 11  PP. 
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The  charge  should  be  made  into  a  briquet  and,  as  soon  as  weighed, 
should  be  placed  in  the  bomb.  The  determination  of  calorific  value 
is  made  in  the  same  manner  as  described  for  coal.  Corrections  for 
"radiation,"  thermometer,  iron  wire,  and  acidity  are  made  as  shown 
on  page  30.  After  the  corrected  change  of  temperature  (2.5706  in 
the  specimen  calorimeter  determination  on  p.  30)  has  been  obtained 
the  water  equivalent  is  completed  by  the  following  formula: 


E=H}V±C 


in  which 


E—  water  equivalent  of  calorimeter, 

H=heat  of  combustion  of  1  gram  of  the  standard  substance, 
ll'=  weight  in  grams  of  sample  taken, 
C=  Correction  for  iron  fuse  wire  burned  and  heat  from  formation  of  nitric 

acid,  and 
T=  change   of  temperature,    corrected   for   radiation   and   thermometric 

errors. 

A  Mahler  bomb  calorimeter,  standardized  by  the  combustion  of 
naphthalene,  benzoic  acid,  and  sucrose,  gave  the  following  concordant 
results: 

Four  determinations  with  naphthalene  (calorific  value,  9,610)  gave 
water-equivalent  values  of  2,996,  2,993,  2,999,  and  2,994  grams; 
average,  2,995  grams. 

Five  determinations  with  benzoic  acid  (calorific  value,  6,320)  gave 
water-equivalent  values  of  2,994,  3,002,  2,989,  2,994,  and  2,992  grams; 
average,  2,994  grams. 

Five  determinations  with  sucrose  (calorific  value,  3,945)  gave  water- 
equivalent  values  of  2,993,  2,993,  2,996,  2,994,  and  2,994  grams; 
average,  2,994  grams. 

DETERMINATION  OF  AGGLOMERATING  INDEX  OF  COAL 

The  agglomerating  index  indicates  the  caking  and  coking  properties 
of  bituminous  coal.  It  is  determined  by  examination  of  the  residue 
in  the  platinum  crucible  incident  to  the  volatile-matter  determina- 
tion according  to  the  procedure  described  by  Gilmore,  Connell,  and 
Xicolls26  as  developed  at  the  Fuel  Research  Laboratories,  Division 
of  Fuels,  Canada  Bureau  of  Mines. 

Many  coals  when  heated  at  uniformly  increasing  temperatures  fuse 
and  become  plastic.  This  property  is  important  in  the  selection  of 
coals  for  coke  making.  It  affects  the  burning  characteristics  of  coal 
in  fuel  beds  if  the  individual  coal  pieces  soften  and  cake  together, 
especially  when  the  smaller  sizes  are  burned. 

Examination  of  the  residue  in  the  crucible  after  the  volatile-matter 
test  is  of  limited  value  for  indicating  coking  properties  of  a  coal  be- 
cause the  coal  is  heated  much  more  rapidly  than  that  coked  in  com- 
mercial ovens.  Coals  that  give  good  cokes  in  commercial  practice 
give  well-coked  residues  in  the  volatile-matter  determination,  but  the 
reverse  is  not  always  true  as  coals  that  give  well-coked  residues  in  the 
crucible  do  not  always  produce  good  cokes  in  commercial  ovens.27 

18  Gilmore,  R.  E.,  Connell,  O.  P.,  and  Nicolls,  J.  H.  H.,  Agglomerating  and  Agglutinating  Tests  for 
Classifying  Weakly  Caking  Coals:  Trans.  Am.  Inst.  Min.  and  Met.  Eng.,  Coal  Div.,  vol.  108,  1934,  pp. 
25.5-265. 

;:  Swartzman,  E.,  Burrough,  E.  J  ,  and  Strong,  R.  A.,  Laboratory  Test  on  Coals  for  Predicting  the  Physi- 
cal Properties  of  the  Resultant  Byproduct  Cokes:  Investigations  of  Fuels  and  Fuel  Testing,  1932,  Canada 
Department  of  Mines,  1934,  pp.  36-57. 
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Table  1  gives  the  method  of  designating  the  various  degrees  of 
agglomeration  or  caking  from  coals  that  give  a  noncoherent  residue 
in  the  platinum  crucible  to  coals  that  give  buttons  showing  strong 
swelling  and  pronounced  cell  structure.  Buttons  corresponding  to 
these  grades  of  agglomeration  and  caking  are  shown  in  figure  12. 


Table  1.- 


-  Agglomerating  and  caking  -properties  of  coals  based  on  examination  of 
residue  incident  to  the  volatile-matter  determination 


Designation 

Appearance    of    residue    from    standard 
method    for    determination    of    volatile 
matter  in  coal 

Class 

Group 

Nonagglomerating  >— b  u  t  - 
ton  shows  no  swelling  or 
cell  structure  and  will  not 
support  a  500-gram  weight 
without  pulverizing. 

Agglomerating  '  — b  u  1 1  o  n 
shows    swelling    or    cell 
structure  or  will  support  a 
500-gram  weight  without 
pulverizing. 

>NA  (nonagglomerate).-  

A  (agglomerate) — button  dull 
black   and   sintered;  shows 
no  swelling  or  cell  structure; 
will    support    a    500-gram 
weight  without  pulverizing. 

C  (caking) — button    shows 
,    swelling  or  cell  structure. 

NAa — noncoherent  residue. 

NAb — coke  button  shows  no  swelling  or 
cell  structure  and  after  careful  removal 
from  the  crucible  will  pulverize  under  a 
weight  of  500  grams  carefully  lowered  on 
button. 

Aw  (weak  agglomerate)— buttons  come  out 
of  crucible  in  more  than  one  piece. 

'Af  (firm  agglomerate) — buttons  come  out 
of  crucible  in  one  piece. 

'Cp  (poor  caking)— button  shows  slight 
swelling  with  small  cells;  has  slight  gray 
luster. 

Cf  (fair  caking)— button  shows  medium 
swelling  and  good  cell  structure;  has 
characteristic  metallic  luster. 

Cg  (good  caking) — button  shows  strong 
swelling  and  pronounced  cell  structure, 
with  numerous  large  cells  and  cavities; 

,    has  characteristic  metallic  luster. 

1  Agglomerating  index— coals  which  in  the  volatile-matter  determination  produce  either  an  agglomerate 
button  that  will  support  a  500-gram  weight  without  pulverizing  or  a  button  showing  swelling  or  cell  struc- 
ture are  classified  as  agglomerating. 

The  top  and  bottom  horizontal  rows  of  figure  12,  from  left  to  right, 
illustrate  degrees  of  agglomeration  or  caking  as  follows:  "Firm 
agglomerate,"  "poor  caking,"  "fair  caking,"  and  "good  caking." 
The  second  and  third  horizontal  rows,  from  left  to  right,  show: 
"Nonagglomerate,"  "firm  agglomerate,"  "poor  caking,"  "fair  caking," 
and  "good  caking."  The  buttons  in  the  second  horizontal  row  have 
been  sectioned  to  show  the  internal  structure. 

DETERMINATION  OF  TRUE  SPECIFIC  GRAVITY  OF  COAL  AND 
COKE  SUBSTANCE 

The  Hogarth  specific-gravity  bottle  with  side  tubulure  recom- 
mended by  Blair28  for  the  determination  of  specific  gravity  of  iron 
ores  is  a  convenient  and  accurate  apparatus  for  determining  the 
specific  gravity  of  coal  and  coke  substance.  The  specific-gravity 
bottle  should  have  a  capacity  of  about  100  cm3  and  should  be  cali- 
brated accurately  in  order  that  a  table  may  be  constructed  giving  the 
capacity  of  the  bottle  in  grams  of  water  at  the  temperatures  prevailing 
in  the  laboratory.  This  is  conveniently  done  from  data  in  the  Bureau 
of  Standards  29  tables  of  corrections  for  determining  the  true  capacities 
of  glass  vessels  from  the  weight  of  water  in  air.  A  10-gram  portion  of 
200-mesh  coke,  which  has  been  previously  dried  for  1  hour  at  105°  C, 

"  Blair,  A.  A.,  The  Chemical  Analysis  of  Iron:  7th  ed.,  1908,  p.  278. 

»  National  Bureau  of  Standards,  Standard  Density  and  Volumetric  Tables:  Circ.  19,  1924,  pp.  56-60. 
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is  carefully  introduced  into  the  specific-gravity  bottle  with  enough 
distilled  water  to  till  the  bottle  about  half  full.  For  coal  a  10-gram 
portion  of  60-mesh  coal,  previously  dried  for  1  hour  at  105°  0.,  is 
used.  The  bottle  is  then  put  on  a  hot  plate,  and  the  contents  are 
kept  boiling  for  1  hour;30  during  this  time  the  specific-gravity  bottle 
is  shaken  frequently  to  wash  down  any  material  adhering  to  the  sides. 
If  the  contents  froth  on  boiling,  a  straight-form,  one-bulb,  glass 
drying  tube  is  inserted  in  the  mouth  of  the  bottle  through  a  small 
piece  of  pure-gum  tubing  to  prevent  loss  of  particles  of  the  sample. 
After  boiling  for  1  hour  the  bottle  is  removed  from  the  hot  plate,  filled 
to  the  tubulure  with  recently  boiled  and  cooled  distilled  water,  and 
the  contents  are  cooled  to  room  temperature.  The  specific-gravity 
bottle  is  then  filled  to  slightly  above  the  mark  on  the  capillary  of 
the  stopper  with  recently  boiled  distilled  water  which  has  been 
cooled  to  room  temperature.  Filling  is  conveniently  done  by 
inserting  the  end  of  the  tubulure  in  a  small  beaker  of  the  distilled 
water  and  applying  a  slight  suction  on  the  stopper.  The  water  level 
is  adjusted  to  the  mark  on  the  capillary  by  touching  a  piece  of  filter 
paper  to  the  end  of  the  tubulure.  The  bottle  is  then  wiped  dry  and 
weighed.  Immediately  after  the  weighing  the  stopper  is  removed, 
and  the  temperature  of  the  contents  is  taken. 

The  true  specific  gravity  is  calculated  from  the  formula 

w 

True  specific  gravity  =  w_  ,  Wl  _  p. 

in  which 

W  =  weight  in  grams  of  dry  sample, 

IP  —  weight  in  grams  of  bottle  -f-dry  sample  +  water  required  to  fill  the 

bottle,  and 
P   =  weight  in  grams  of  bottle  +  water  required  to  fill  the  bottle. 

DETERMINATION  OF  APPARENT  SPECIFIC  GRAVITY 

The  apparatus  used  for  determining  the  apparent  specific  gravity 
consists  of  a  galvanized-iron  cylinder  (fig.  14)  which  is  filled  with 
water  to  the  water  line,  as  indicated  in  the  figure.  A  hydrometer 
made  of  brass  is  immersed  in  the  cylinder.  On  the  top  of  the  hydrom- 
eter are  two  pans;  the  upper  one  is  used  for  weights  and  the  lower 
for  the  sample.  Below  the  air  buoy  is  a  brass  cage  perforated  with 
many  holes  to  allow  the  air  to  escape  when  the  instrument  is  immersed. 
The  cage  carries  the  sample  when  it  is  weighed  under  water. 

The  method  of  determining  the  apparent  specific  gravity  of  coal 
follows:  Brass  weights  are  placed  on  the  upper  pan  until  the  hydrom- 
eter sinks  to  a  mark  on  the  stem  between  the  copper  pan  and  the 
buoy.  The  total  weight  required  is  recorded.  The  weights  are 
removed,  and  about  500  grams  of  the  sample  in  lump  form  (about 
V/t  to  2-inch  cubes)  is  placed  in  the  copper  dish.  Brass  weights  are 
then  added  until  the  hydrometer  sinks  to  the  mark  on  the  stem. 
The  difference  in  the  weights  used  gives  the  weight  of  the  sample  in 
air. 

The  sample  is  then  carefully  transferred  to  the  brass  cage  below  the 
buoy.  When  the  sample  of  coal  is  immersed  the  hydrometer  should 
be  moved  rapidly  up  and  down  in  the  water  several  times  to  remove 

*>  Selvig,  W.  A., and  Parker,  W.  L.,  The  Determination  of  the  Specific  Gravity  of  Coke:  Chem.  and  Met. 
Eng.,  vol.  28.  1923,  pp.  547-550. 
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Fi«,ike  12. — Residues  from  volatile-matter  determination  showing  various  degrees  of  agglomeration  and 
caking.    (After  R.  E.  Gilmore,  G.  P.  Connell,  and  J.  II.  H.  Xieolls.) 
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Figube   13.    .1,  Cones  mounted  on  base;    /;,  typical  form  of  fused  cones;   C,  furnace  for  determining 

bilitj  ol  coal  ash. 
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air  bubbles.  The  weights  on  the  upper  pan  are  now  adjusted  until 
the  instrument  again  sinks  to  the  mark  on  the  stem  The  weight 
required  to  sink  the  hydrometer  to  the  mark,  with  no  sample  on  the 
upper  pan  or  in  the  brass  cage,  minus  the  weight  required  to  sink  it 


Figure  14.-Apparatus  for  determining  apparent  specific  gravity. 

of  tt  ranntaLr"  ThE?  immerSeC'  "  ^  ^  6<5Uals  the  Weight 

If   the    weight    of   the    sample   in    air=z 
and  the  weight  of  the  sample  in  water =y 


the  apparent  specific  gravity 


x— y 
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In  making  specific-gravity  determinations  of  coke  about  500  grams 
of  the  sample  in  lump  form  (about  l%-  to  2-inch  cubes)  are  used.  The 
sample  is  dried  to  constant  weight  at  a  temperature  of  105°  to  200°C 
As  samples  of  coke  are  porous  they  take  up  water  rapidly,31  so  the 
method  is  modified  to  correct  for  the  water  absorbed  by  a  coke  sample. 
The  coke  is  permitted  to  remain  immersed  in  the  water  for  15  minutes, 
during  which  period  the  hydrometer  is  occasionally  moved  up  and 
down  to  detach  any  air  bubbles  adhering  to  the  surface  of  the  pieces 
of  coke.  Then  the  hydrometer  is  adjusted  to  the  mark  on  the  stem 
in  the  usual  manner,  and  the  cage  containing  the  sample  is  at  once 
removed  from  the  water  and  allowed  to  drain  for  1  minute.  The  wet 
coke  is  transferred  to  the  copper  dish  of  the  hydrometer,  and  weights 
are  added  until  the  hydrometer  sinks  to  the  mark  on  the  stem.  The 
difference  in  the  weights  used  for  the  dry  and  wet  coke  gives  the 
weight  of  water  absorbed  by  the  coke.     Then, 

If  the  weight  of  the  sample  in  air=x 
and  the  weight  of  the  sample  in  water  =  y 
and   the  weight   of  water  absorbed  =z 

x 
the  apparent  specific  gravity  =•/         ■.  ■  - 

and 

100Xapparent  SPf  ifi°  gra7ity  =  Percentage  bv  volume  of  coke  substance, 
true  specific  gravity 

Also, 

1 00  — percentage  of  volume  of  coke  substance  =  percentage  by  volume  of  cell  space. 

METHOD  FOR  LARGE  SAMPLE  OF  COKE 

If  a  large  sample  of  coke  is  available,  the  apparent  specific  gravity 
is  determined  by  the  method  recommended  by  the  Committee  on  Coal 
and  Coke,  American  Society  for  Testing  Materials.32  This  method 
has  the  advantage  that  the  large  sample  (about  25  pounds)  should  be 
more  representative  than  much  smaller  samples. 

The  apparatus  consists  of  a  suitable  container,  such  as  a  wash- 
boiler,  not  smaller  than  approximately  13  inches  high,  22  inches  long, 
and  11  inches  wide,  or  its  equivalent  in  size,  provided  with  a  spout 
consisting  of  a  short  %-inch  nipple  extending  horizontally  from  the 
container  about  2x/2  inches  below  the  top.  A  wrire  cage  for  holding 
the  sample  is  made  of  about  %-inch  square-mesh  screen-wire  cloth; 
it  is  provided  with  a  cover  of  the  same  material  and  with  two  long 
handles.  The  wire  cage  is  so  made  as  to  fit  inside  the  container  below 
the  spout. 

About  25  pounds  of  coke  is  selected  so  as  to  be  representative 
in  size,  shape,  and  general  appearance  of  the  coke  under  considera- 
tion. This  sample  is  dried  to  constant  weight  at  a  temperature  of 
105°  to  200°  C,  allowed  to  cool,  and  weighed  after  any  adhering  dust 
has  been  shaken  and  brushed  off.  A  cork  is  put  in  the  spout  of  the 
container,  which  is  placed  on  a  level  and  rigid  base  or  floor.  The 
empty  cage  is  put  inside  the  container,  and  water  at  room  temperature 
is  added  until  the  water  level  is  above  the  spout.  After  the  water 
has  come  to  rest  the  cork  is  removed  from  the  spout  and  the  excess 
water  is  permitted  to  drain  out  for  1  minute  after  the  overflow  stream 

3>  See  footnote  30.  ,  _  „  „  ,  T 

m  American  Society  for  Testing  Materials,  Standard  Method  of  Test  for  Volume  of  Cell  Space  of  Lump 
Coke:  Book  of  A.S.T.M.  Standards,  1936,  pt.  2,  pp.  444-448. 
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starts  to  discharge  drop  by  drop.  The  cork  is  then  replaced  in  the 
spout,  and  the  cage  is  removed  from  the  water,  care  being  taken  to 
shake  all  adhering  water  back  into  the  container.  The  weighed 
dried  coke  sample  is  then  placed  in  the  cage,  and  after  the  cover  is 
fastened  the  cage  containing  the  coke  is  lowered  into  the  water.  If 
the  container  is  not  large  enough  to  retain  the  displaced  water,  some 
of  the  water  may  be  drawn  into  a  weighed  bucket  by  removing  the 
cork  from  the  spout  while  the  coke  is  being  lowered. 

The  cage  with  the  coke  is  permitted  to  remain  in  the  water  for  15 
minutes;  it  is  shaken  occasionally  to  detach  any  air  bubbles  adhering 
to  the  surface  of  the  coke,  care  being  taken  not  to  disturb  the  position 
of  the  container.  The  coke  must  be  completely  submerged  at  all 
times.  At  the  end  of  the  15-minute  period,  after  the  water  has  come 
to  rest,  the  cork  is  removed,  and  the  displaced  water  is  permitted  to 
drain  into  a  weighed  bucket  for  1  minute  after  the  overflow  stream 
starts  to  discharge  drop  by  drop.  Then  the  cork  is  replaced,  the  cage 
containing  the  coke  is  at  once  removed  from  the  water,  and  it  is  per- 
mitted to  drain  for  1  minute.  Finally,  the  wet  coke  is  removed  from 
the  cage  and  weighed,  and  the  weight  of  the  displaced  water,  which 
has  been  caught  in  the  bucket,  is  determined.  The  apparent  specific 
gravity  is  calculated  from  the  formula: 

Apparent  specific  gravity—  „  .  ,p_  a-, 

in  which 

A—  Weight  of  dry  coke, 

B=  Weight  of  water  displaced  by  wet  coke,  and 

C=  Weight  of  wet  coke. 

FUSIBILITY  OF  COAL  ASH 

ATMOSPHERE 

The  method  that  the  Bureau  of  Mines  adopted  for  making  fusibility 
tests  was  the  result  of  considerable  experimental  work  33  on  the  nature 
of  the  fusion  of  coal  ash  and  the  influence  of  various  oxidizing,  reduc- 
ing, and  neutral  atmospheres  on  the  softening  temperature  of  ash 
molded  in  the  form  of  Seger  cones.  This  method  takes  into  con- 
sideration the  various  factors  that  influence  the  result  obtained, 
especially  the  atmosphere  that  surrounds  the  ash  during  the  test. 
The  atmosphere  in  which  the  ash  is  heated  is  controlled  by  burning 
an  excess  of  gas;  a  reducing  atmosphere  is  thus  obtained  by  which 
the  iron  in  the  ash  is  reduced  mainly  to  the  ferrous  state,  giving  the 
lowest  temperature  at  which  clinkering  may  result. 

This  change  in  the  iron  is  especially  important  in  testing  coals  that 
contain  a  relatively  large  proportion  of  iron  in  the  form  of  pyrite. 
Higher  softening  temperatures  may  be  expected  with  such  coals  in 
tests  using  oxidizing  atmospheres  which  would  oxidize  the  iron  mainly 
to  ferric  oxide  or  in  tests  using  strongly  reducing  atmospheres  which 
would  reduce  the  iron  largely  to  the  metallic  state.  Under  both 
conditions  a  more  refractory  slag  is  formed  than  would  result  if  the 
atmosphere  were  such  as  to  reduce  the  iron  in  the  ash  to  ferrous 
oxide,   which,   with   the  silica  present,   would   form  readily   fusible 

33  Fieldner,  A.  C,  HaU,  A.  E.,  and  Feild,  A.  L.,  The  Fusibility  of  Coal  Ash  and  the  Determination 
of  the  Softening  Temperature:  Bull.  129,  Bureau  of  Mines,  191S,  146  pp. 
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silicate?.  Ferric  oxide  combines  with  silica  to  form  compounds  that 
require  high  temperature  for  fusion;  on  the  other  hand,  if  the  iron  is 
reduced  to  the  metallic  state,  one  of  the  most  active  fluxing  constituents 
is  removed  from  the  system,  and  high-fusing  points  result. 

Analyses  of  clinkers  from  boiler  furnaces  indicated  that  fuel-bed 
conditions  favored  the  formation  of  clinkers  in  which  the  iron  was 
chiefly  in  the  ferrous  state;  consequently  the  values  obtained  in  the 
laboratory  tests  are  in  this  respect  comparable  to  such  conditions, 
and  the  tests  give  the  lowest  temperatures  at  which  the  intimately 
mixed  ash  will  soften  and  form  clinker. 

FURNACE 

Either  the  No.  3  inciter's  furnace  of  the  American  Gas  Furnace 
Co.  or  the  coal-ash  fusion  furnace  of  the  Denver  Fire  Clay  Co.  is 
used  in  the  tests.  The  burners  of  these  furnaces  are  arranged  on  a 
tangent  near  the  base  of  the  furnace  and  thus  give  a  rotary  flame 
that  completely  surrounds  the  crucible  in  which  the  ash  cones  are 
placed.  This  whirling  flame  heats  the  crucible  uniformly,  and  when 
an  excess  of  gas  over  air  is  used  a  reducing  atmosphere  is  maintained 
within  the  crucible,  giving  the  lowest  point  at  winch  the  ash  fuses. 
The  furnaces  are  supplied  with  natural  gas ;  compressed  air  is  furnished 
by  a  Crowell  Xo.  8-B  blower  or  a  Maxon  No.  1  Premix  burner  unit. 
The  Premix  burner  unit  is  relatively  small,  so  it  can  be  mounted 
alongside  the  furnace.  Temperatures  up  to  1,525°  C.  are  attained 
with  the  Xo.  3  melter's  furnace  and  up  to  1,600°  C.  with  the  coal-ash 
fusion  furnace.  To  conduct  the  hot  gases  from  the  room,  counter- 
balanced sheet-iron  canopies,  connected  with  telescopic  8-inch  flues 
to  an  exhaust  system,  are  hung  over  the  furances.  Figure  13,  C,  shows 
two  of  the  furnaces  and  their  accessories. 

The  stock  design  of  the  Xo.  3  melter's  furnace  is  modified  by  pro- 
viding the  upper  cylinder  with  two  holes  in  the  side;  one  is  a  2-inch 
observation  hole  whose  center  is  4  inches  from  the  top  of  the  cylinder 
(excluding  the  cover  plate),  and  the  other  is  a  1-inch  thermocouple  hole 
90°  to  the  right  of  the  observation  hole.  The  bottoms  of  these  two 
holes  are  in  the  same  horizontal  plane. 

Figure  15  shows  the  interior  of  the  coal-ash  fusion  furnace  as  ar- 
ranged for  making  a  test.  Crucible  a  is  a  corundite  crucible  about  3 
inches  in  inside  diameter  and  about  4}-2  inches  high  outside  with  a  wall 
about  %  inch  thick.  The  crucible  has  a  cover,  6,  and  has  two  holes  in 
the  side,  an  observation  hole  2  inches  in  diameter  and  a  thermo- 
couple hole  1  inch  in  diameter,  90°  to  the  right  of  the  observation 
hole.  The  bottoms  of  the  two  holes  are  in  the  same  horizontal  plane. 
The  crucible  is  supported  by  corundite  support  c,  so  that  the  two  holes 
in  the  crucible  are  in  line  with  the  corresponding  holes  in  the  furnace 
wall.  Cones  d  are  supported  on  corundite  disk  e,  so  that  they  are 
visible  through  the  observation  hole  of  the  crucible  and  the  furnace 
wall. 

A  fused  silica  or  alundum  tube,/,  1%  inches  in  external  diameter 
and  6  to  7  inches  long  is  placed  in  the  2-inch  observation  hole  of  the 
furnace;  its  inner  end  is  flush  with  the  inside  furnace  wall,  and  the 
other  end  projects  from  the  furnace.  A  brass  sleeve  carrying  a  thin 
clear  glass  window  is  slipped  on  the  outer  end  of  the  observation  tube 
to  prevent  the  escape  of  burning  gas,  which  would  hinder  convenient 
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observation  of  the  cones.  When  observations  at  high  temperatures 
are  made  the  cones  are  viewed  through  a  piece  of  colored  glass,  such 
as  Corning  No.  6  shade,  Noviweld. 

At  furnace  temperatures  above  1,000°  C.  observation  of  the  cones 
is  very  difficult.  An  open  blowing  tube,  g,  of  refractory  porcelain 
about  one-fourth  inch  hi  inside  diameter  is  inserted  in  the  thermo- 
couple hole,  the  inner  end  being  flush  with  the  inside  of  the  furnace 
wall.  This  blowing  tube  is  connected  to  a  compressed-air  line  with 
rubber  tubing.    By  means  of  a  gas  valve  air  is  let  into  the  tube  at  the 


Figure  15.— Section  of  furnace  arranged  for  fusion  tests. 


time  of  observation,  momentarily  cooling  the  ash  cones  and  rendering 
them  visible. 

PYROMETER  34 

Temperature  measurements  may  be  made  with  a  thermocouple  of 
platinum  and  platinum -rhodium,  protected  from  the  furnace  gases  by 
a  glazed-porcelain  tube  and  a  high-resistance  millivoltmeter,  or  with 
an  optical  pyrometer  of  the  disappearing-filament  type,  which  has 
been  calibrated  to  be  accurate  within  10°  C.  up  to  1,400°  C,  and 
within  15°  C.  from  1,400°  to  1,600°  C.  If  a  thermocouple  is  used,  the 
hot  junction  should  be  placed  in  the  immediate  vicinity  of  the  cones. 
Both  types  of  pyrometers  have  been  used  by  the  Bureau  of  Mines. 

31  For  detailed  information  concerning  the  use  of  pyrometers  see  National  Bureau  of  Standards,  Pyro- 
metric  Practice:  Technol.  Paper  170,  1921,  326  pp.    (Corrections  for  glass  window  are  taken  from  p.  117.) 
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The  optical  pyrometer  is  now  preferred  because  it  obviates  mount- 
ing the  protection  tube  of  the  thermocouple  in  the  furnace,  and  it 
can  be  used  for  temperatures  above  1,500°  C.  As  the  optical  pyrom- 
eter is  sighted  through  the  glass  window  of  the  observation  tube,  the 
following  corrections  are  added  to  the  observed  temperature  to  correct 
for  the  absorption  of  light  by  the  glass  window:  800°  C,  add  5°; 
1,000°  C,  add  8°;  1,200s  C,  add  10°;  1,400°  C,  add  13°;  and  1,600° 
C.j  add  16°.  The  pyrometer  equipment  is  checked  frequently  by 
mounting  pieces  of  pure  gold  and  nickel  in  the  same  manner  as  the 
cones.  With  a  strong  reducing  atmosphere  a  melting  point  of  1,452° 
C.  should  be  obtained  for  nickel  and  of  1,063°  C.  for  gold.    From  time 


Figure  16.— Brass  cone  mold  for  making  ash  cones. 

to  time  the  pyrometer  equipment  is  standardized  through  the  tempera- 
ture range  for  which  it  is  used. 

PREPARATION  OF  COAL  ASH 

Spread  out  50  to  100  grams  of  60-mesh  coal  on  a  5-inch  fireclay 
roasting  dish  and  completely  convert  it  to  ash  in  a  muffle  furnace  at  a 
temperature  of  800°  to  900°  C.  Transfer  5  to  10  grams  of  this  ash  to 
an  agate  mortar  and  grind  to  a  fineness  of  200-mesh.  A^  mechanical 
agate-mortar  grinder  will  save  time  where  many  determinations  are 
made.  Place  the  finely  ground  ash  in  a  silica  or  porcelain  capsule 
about  %  inch  deep  and  1%  inches  in  diameter  and  ignite  for  2  hours  in  a 
current  of  oxygen  at  a  temperature  of  800°  to  850°  C.  _  The  purpose  of 
this  ignition  is  to  insure  complete  and  uniform  oxidation  of  the  ash. 

PREPARATION  OF  CONES 

Moisten  the  ignited  ash  with  a  10-percent  dextrin  solution  contain- 
ing 0.1  percent  salicylic  acid  as  a  preservative  and  work  the  ash  into  a 
plastic  mass  with  a  spatula.  Mold  the  plastic  material  into  small 
triangular  pyramids  %  inch  high  and  V4  inch  wide  at  each  side  of  the 
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base.  Form  the  pyramids  by  firmly  pressing  the  plastic  material 
with  a  steel  spatula  into  a  brass  mold  of  the  dimensions  given  above, 
the  mold  being  similar  to  that  shown  in  figure  16.  Strike  off  the  sur- 
face smooth  and  remove  the  cone  from  the  mold  by  applying  a  small 
knife  blade  at  the  base.  Mount  the  cones  when  dry  in  a  refractory 
base  composed  of  a  mixture  of  equal  parts  of  kaolin  and  calcined 
alumina.  Moisten  the  base  mixture  to  make  it  workable  and  spread 
a  part  of  it  on  a  sheet-iron  plate.  Then  mount  the  cone  in  a  vertical 
position  in  a  small  hole  made  in  the  base  and  put  a  little  of  the  base 
material  into  the  hole  around  the  bottom  of  the  cone  to  fill  the  crev- 
ices and  to  make  the  cone  stand  firmly.  Usually  five  cones  are 
mounted  on  one  base  in  the  manner  shown  in  figure  13,  A  (p.  39). 
Dry  the  mounted  cones  in  the  laboratory  by  allowing  to  stand  over- 
night. Drying  may  be  hastened  by  placing  the  cones  in  a  warm  place. 
After  the  cones  have  dried  ignite  them  at  dull-red  heat  in  an  open 
muffle  for  30  minutes  to  remove  the  dextrin. 

METHOD   OF  HEATING 

Put  the  test  piece  in  the  muffle  crucible  in  the  position  shown  in 
figure  15,  place  the  loosely  fitting  cover  b  on  the  crucible,  and  ignite 
the  gas.  It  is  necessary  to  let  the  gas  burn  about  10  minutes  to  heat 
the  furnace  parts  before  the  large  cover  plate  of  the  furnace  is  re- 
placed; otherwise  the  flame  will  likely  blow  out.  After  the  cover 
plate  of  the  furnace  has  been  put  in  position  increase  the  flow  of  gas 
and  air — enough  to  cause  combustion  to  take  place  just  above  the 
tuyeres  and  yet  maintain  a  yellowish  flame  at  least  6  inches  above  the 
opening  in  the  cover  plate  of  the  furnace.  While  such  a  flame  is 
maintained  above  the  furnace  gradually  increase  the  temperature  by  a 
suitable  adjustment  of  gas  and  air  to  800°  C;  then  reduce  the  rate  of 
heat  increase  to  not  less  than  5°  C.  and  not  more  than  10°  C.  per 
minute.     Maintain  this  rate  until  the  end  of  the  test. 

It  is  important  that  the  6-inch  reducing  flame  is  maintained  at 
the  furnace  vent  throughout  the  test,  if  possible,  and  at  all  events 
up  to  a  temperature  of  1,450°  C.  Temperatures  above  1,450°  C. 
require  larger  proportions  of  air  to  gas ;  however,  a  strongly  reducing 
atmosphere  is  not  so  essential  at  the  higher  temperatures,  because 
refractory  ashes,  on  account  of  their  low  iron  oxide  content,  are  only 
slightly  affected  by  oxidizing  or  reducing  atmospheres. 

The  softening  temperature  is  defined  as  the  temperature  at  which 
the  cone  has  fused  down  to  a  spherical  lump,  as  shown  in  cone  3 
of  figure  13,  B  (p.  39).  Cone  2  has  almost  reached  the  softening 
temperature ;  cone  4  has  passed  the  softening  temperature. 

Critical  points  other  than  the  softening  temperature  are  observed 
during  the  test  and  may  be  of  value.     They  are  as  follows: 

Initial  deformation  temperature. — The  temperature  at  which  the 
first  rounding  or  bending  of  the  apex  of  the  cone  takes  place,  as  shown 
in  cone  1  of  figure  13,  B.  Such  bending  must  not  be  confused  with  a 
shrinking  or  warping  of  the  cone. 

Fluid  temperature. — The  temperature  at  which  the  cone  has  spread 
over  the  base  in  a  flat  layer,  as  represented  by  cone  5  of  figure  13,  B. 


46  METHODS    OF    ANALYZING   COAL  AND   COKE 

SHATTER  TEST  FOR  COKE 
SAMPLING 

The  shatter  test  for  coke  affords  a  measure  of  the  relative  resist- 
ance of  cokes  to  breakage  in  handling.  It  is  also  useful  for  compar- 
ing the  physical  properties  of  cokes  for  furnace  or  cupola  use.  If  the 
shatter  test  is  to  be  used  to  indicate  the  probable  breakage  of  coke 
in  handling,  the  sample  is  collected  before  the  coke  is  subjected  to 
possible  breakage  from  screening  and  from  loading  into  cars.  Sam- 
ples of  byproduct  coke  are  collected  from  the  coke  wharf;  samples  of 
beehive  coke  are  collected  as  the  coke  is  delivered  from  the  ovens. 
If  the  shatter  test  is  applied  in  connection  with  the  use  of  coke  furnaces 
or  cupulas,  the  sample  is  collected  at  the  point  of  delivery.  Each 
carload  of  coke,  or  its  equivalent,  is  considered  as  a  unit  for  sampling. 

Byproduct  coke  is  sampled  at  its  source  by  collecting  about  75 
pounds  of  representative  pieces  of  coke,  none  of  which  in  any  posi- 
tion will  pass  through  a  2-inch  square-mesh  screen.  The  sample  is 
selected  from  the  coke  wharf  by  dividing  the  coke  on  the  wharf  into 
approximately  equal  areas  and  selecting  an  equal  number  of  pieces 
from  each  area.  Each  piece  selected  should  be  approximately  equal 
in  length  to  half  the  width  of  the  coke  ovens  and  should  show  a 
"cauliflower"  end  produced  at  the  walls  of  the  oven  and  an  "inner" 
end  produced  at  the  center  of  the  oven. 

Beehive  coke  is  sampled  at  its  source  by  selecting  about  75  pounds 
of  representative  pieces  of  the  coke  as  it  is  drawn  from  the  ovens. 
This  selection  is  best  made  by  taking  full-length  pieces,  or  their 
equivalent,  as  the  coke  is  being  drawn  from  previously  determined 
points  in  the  oven,  so  that  pieces  from  the  front,  center,  and  back 
are  included.  If  the  individual  pieces  are  too  large  and  bulky,  the 
75-pound  sample  is  collected  by  removing  three  small  pieces  from 
each  large  piece — one  from  the  top,  one  from  the  middle,  and  one 
from  the  bottom.  The  sample  finally  collected  should  be  composed 
of  an  equal  number  of  pieces  showing  top,  middle,  and  bottom. 
None  of  the  pieces  comprising  the  sample  should  in  any  position  pass 
through  a  2-inch  square-mesh  screen. 

In  sampling  both  byproduct  and  beehive  coke  at  the  point  of 
delivery  the  sample  is  best  collected  as  the  coke  is  being  delivered 
from  railroad  cars  into  bins.  A  scoop  of  10  to  15  pounds  capacity  is 
inserted  in  the  coke  stream  at  regular  intervals  during  the  period  of 
unloading.  The  sample  collected  should  be  large  enough,  to  give 
about  75  pounds  of  coke  pieces,  none  of  which  in  any  position  will 
pass  through  a  2-inch  square-mesh  screen.  If  the  sampling  must  be 
done  from  coke  exposed  in  bins  or  cars,  care  should  be  taken  to  collect 
pieces  representing  the  entire  exposed  area,  as  collection  of  a  repre- 
sentative sample  under  these  conditions  is  very  difficult.  The  sam- 
pling is  best  accomplished  by  dividing  the  exposed  surface  to  be  sam- 
pled into  approximately  equal  areas  and  then  selecting  an  equal 
number  of  pieces  from  each  area  so  as  to  obtain  about  75  pounds  of 
representative  pieces. 

SHATTER-TEST  MACHINE 

The  shatter-test  machine  consists  of  a  box  18  inches  wide,  28  inches 
long,  and  approximately  15  inches  deep,  supported  above  a  rigidly 
mounted  cast-iron  or  steel  plate  not  less  than  K  inch  thick,  38  inches 
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wide,  and  48  inches  long.  The  inside  of  the  bottom  of  the  box  is  6 
feet  above  the  plate.  The  bottom  of  the  box  consists  of  two  doors 
hinged  lengthwise  and  latched  so  that  they  swing  open  freely  and  do 
not  impede  the  fall  of  the  coke.  Boards  about  8  inches  high  are 
placed  around  the  plate  so  that  no  coke  may  be  lost.  To  prevent 
breakage  of  coke  while  the  sample  is  being  put  in  the  box,  pulleys  and  a 
counterweight  are  provided  to  permit  lowering  the  box  to  a  convenient 
level.     Figure  17  shows  a  convenient  form  of  shatter-test  machine. 

METHOD   OF  TEST 

About  50  pounds  of  the  coke  pieces,  none  of  which  will  in  any  posi- 
tion pass  through  a  2-inch  square-mesh  screen,  is  placed  in  the  box 
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Figure  17.— Side  and  end  elevations  of  a  shatter-test  machine. 

of  the  shatter-test  machine,  the  coke  is  leveled,  and  the  box  raised  to 
such  a  height  that  the  inside  of  its  bottom  is  6  feet  above  the  iron  or 
steel  plate.  Then  the  hinged  bottom  is  released  to  allow  the  coke 
to  fall  on  the  plate.  The  coke  is  dropped  four  times  on  the  plate, 
and  all  small  pieces  are  returned  each  time  to  the  box  with  the  large 
coke.  To  prevent  possible  breakage  of  the  coke  by  handling,  the  box 
is  lowered  to  a  convenient  height  each  time  the  coke  is  being  transferred 
to  it.  After  the  fourth  drop  the  coke  is  successively  screened  through 
square-mesh  screens  with  openings  2  inches,  X)i  inches,  1  inch,  and  ji 
inch.  Circular  screens  2  feet  in  diameter  are  convenient  to  use. 
In  screening  care  is  taken  to  prevent  breakage  of  the  coke  pieces. 
The  coke  is  screened  in  such  increments  as  to  allow  all  pieces  to  be  in 
direct  contact  with  the  screen  openings,  and  the  screen  is  shaken 
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gently  to  avoid  breakage.  The  coke  remaining  on  each  screen  and 
that  passing  through  the  ^-inch  screen  are  weighed  separately.  If 
the  sum  of  these  weights  shows  a  loss  of  more  than  1  percent,  the  test 
is  rejected  and  another  made.  Since  the  average  probable  error  of  a 
single  shatter-test  determination  is  approximately  2  percent,  it  is 
advisable  to  make  several  tests  and  report  the  average  result. 
The  results  of  the  test  are  reported  as  follows: 

Retained  on  2-ineh  screen, percent. 

Passing  2-inch  screen,  retained  on  1^-inch  screen, percent. 

Passing  ll2-inch  screen,  retained  on  1-inch  screen, percent. 

Passing  1-inch  screen,  retained  on  %-inch  screen, percent. 

Passing  l2-inch  screen, percent. 

ANALYSIS  OF  COAL  AND  COKE  ASH 

The  methods  used  by  the  Bureau  for  analyzing  coal  and  coke  ash 
are  based  on  recognized  methods  for  analyzing  silicate  rocks  35  but  are 
modified  so  as  to  apply  more  directly  to  coal  ash.  <  A  complete  silicate 
analysis  requires  detailed  knowledge  of  the  chemistry  involved  in  the 
operations  and  a  skilled  and  experienced  analyst. 

PREPARATION  OF  ASH  SAMPLE 

Spread  100  to  200  grams  of  coal  or  coke  passing  a  No.  60  sieve  on 
5-inch  fireclay  roasting  dishes  and  convert  to  ash  in  a  muffle  furnace 
at  about  800°  C.  Transfer  the  ash  to  shallow  porcelain  dishes  (milk 
dishes,  72  mm  in  diameter  are  convenient)  and  continue  heating  until 
the  weight  is  constant  or  the  loss  in  weight  is  less  than  0.1  percent  per 
hour.  Grind  the  ash  in  an  agate  mortar  to  pass  a  No.  100  sieve  and 
transfer  to  a  stoppered  bottle. 

FUSION  WITH  SODIUM  CARBONATE 

Mix  a  1-gram  sample  of  ash  in  a  30-cm3  platinum  crucible  with  the 
larger  part  of  5  to  6  grams  of  sodium  carbonate  and  cover  the  mixture 
with  the  remainder  of  the  sodium  carbonate.  Place  the  lid  on  the 
crucible  and  heat  at  a  low  red  heat  over  a  Meker  burner  or  blast  lamp 
for  5  to  10  minutes.  Gradually  increase  the  heat  until  the  mass 
sinters,  so  the  carbon  dioxide  may  pass  off  without  spattering,  and 
finally  bring  to  complete  fusion  at  a  bright  red  heat. 

The  fusion  is  complete  when  the  whole  mass  has  been  in  a  state  of 
quiet  fusion  for  about  15  minutes  and  gives  off  no  more  bubbles. 
The  fusion  will  seldom  be  perfectly  clear  and  transparent,  as  car- 
bonates of  iron,  magnesium,  and  calcium  form  cloudy  masses. 

When  fusion  is  complete  remove  the  crucible  from  the  flame  and 
swirl  by  a  suitable  circular  motion  as  the  melt  cools  so  it  solidifies  in  a 
thin  sheet  over  the  inside  and  bottom  of  the  crucible.  After  the 
crucible  is  cool  place  it  and  the  lid  in  a  350-cm3  porcelain  casserole,  add 
50  to  100  cm3  of  water,  cover  with  a  watch  glass,  and  slowly  add  15 
cm3  of  concentrated  hydrochloric  acid. 

A  bluish-green  color  of  the  cooled  cake  indicates  manganese;  if 
present  chlorine  will  be  evolved  on  the  addition  of  hydrochloric  acid 

»  Washington,  Henry  S.,  The  Chemical  Analysis  of  Rocks:  John  Wiley  &  Sons,  Inc.,  New  York,  4th  ed., 
1930 

Hillebrand,  W.  F.,  The  Analysis  of  Silicate  and  Carbonate  Rocks:  Oeol.  Survey  Bull.  700,  1919. 

Hillebrand,  W.  F.,  and  Lundell,  O.  E.  F.,  Applied  Inorganic  Analysis:  John  Wiley  &  Sons,  Inc.,  New 
York,  1929. 
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which  will  attack  the  platinum.  A  cubic  centimeter  of  alcohol  added 
to  the  crucible  will  reduce  the  manganate  and  prevent  attack  of  the 
platinum. 

Heat  on  the  hot  plate  until  the  melt  is  dissolved,  wash  the  crucible 
and  lid,  and  remove  the  last  traces  of  silica  from  the  crucible  with  a 
rubber-tipped  stirring  rod. 

SILICA 

Evaporate  on  the  steam  bath  until  the  residue  begins  to  powder  or 
crumble  and  appears  dry.  Breaking  up  the  lumps  and  crusts  ex- 
pedites the  evaporation  near  the  end  of  the  process.  Treat  the  residue 
with  15  cm3  of  dilute  hydrochloric  acid  (1:1)  and  cover ;  after  warming 
on  the  steam  bath  a  short  time  add  50  cm3  of  water  and  heat  gently 
to  complete  solution  of  the  chlorides.  Filter  the  silica  and  wash  with 
a.  hot  solution  containing  5  cm3  of  concentrated  hydrochloric  acid  in 
95  cm3  of  water. 

Return  the  filtrate  to  the  casserole,  evaporate  to  dryness,  and  dehy- 
drate on  the  steam  bath  for  1  to  2  hours  until  free  from  hydrochloric 
acid.  Moisten  the  residue  with  8  cm3  of  dilute  hydrochloric  acid 
(1  :  1),  add  water,  and  heat  on  the  steam  bath  as  before.  Filter  off 
the  small  amount  of  silica,  collecting  the  filtrate  in  a  400-cm3  beaker, 
and  wash  with  cold  water  containing  1  cm3  of  concentrated  hydro- 
chloric acid  to  99  cm3  of  water.  A  little  silica  generally  adheres  to  the 
side  of  the  dish  and  is  not  removed  by  washing;  this  should  be  removed 
with  a  small  piece  of  ashless  filter  paper  which  is  later  burned  off  during 
ignition  of  the  silica. 

Place  the  papers  and  silica  from  the  first  and  second  dehydration  in 
a  weighed  30-cm3  platinum  crucible  and  heat  over  a  Meker  burner  or 
blast  lamp  until  the  paper  is  burned  off.  Then  ignite  the  silica  for 
about  20  minutes,  cool  in  a  desiccator,  and  weigh  quickly  with  the 
crucible  covered.  Repeat  the  ignition  for  10-minute  periods  until 
the  weight  is  constant.  The  silica  thus  obtained  is  never  pure  and 
may  contain  small  amounts  of  Fe203,  Ti02,  P205,  and  A1203.  Moisten 
the  weighed  residue  with  water  and  add  1  or  2  drops  of  dilute  sulphuric 
acid  (1  :  1)  to  retain  the  Ti02,  some  of  which  would  be  vaporized  as 
titanium  fluoride  in  the  absence  of  sulphuric  acid.  Add  enough  hydro- 
fluoric acid,  a  few  drops  at  a  time,  to  dissolve  the  silica  on  warming; 
about  5  cm3  is  usually  sufficient.  Evaporate  the  solution  to  dryness, 
preferably  on  an  air  bath,36  and  ignite  at  a  bright  red  heat  for  at  least 
15  minutes.  Cool  in  a  desiccator  and  weigh;  the  loss  in  weight  is 
Si02. 

Fuse  the  nonvolatile  residue  with  a  little  sodium  carbonate,  dissolve 
the  fusion  in  dilute  hydrochloric  acid,  and  add  to  the  filtrate  from  the 
silica  for  the  succeeding  determinations. 

ALUMINUM  OXIDE 

Aluminum,  iron,  titanium,  and  phosphorus  oxides  are  precipitated 
by  ammonium  hydroxide  and  separated  from  the  calcium,  magnesium, 
and  alkalies.  Add  10  to  15  cm3  of  concentrated  hydrochloric  acid  to 
the  filtrate  from  the  silica  to  form,  later,  sufficient  ammonium  chloride 

3«  A  convenient  form  of  air  bath  which  may  be  used  on  a  gas  hot  plate  can  be  made  from  an  asbestos  board 
(transite)  \i  inch  thick.  Holes  \Vi  inches  in  diameter  in  the  board  will  hold  the  crucibles  so  that  about  two- 
thirds  of  the  crucible  will  extend  through  the  hole.  This  top  is  set  on  a  black  iron  frame  having  sides  1J4 
inches  high  so  the  bottoms  of  the  crucibles  are  suspended  about  H  inch  above  the  hot  plate. 
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to  prevent  the  precipitation  of  magnesium  along  with  the  aluminum 
and  iron  hydroxides. 

Heat  the  solution  almost  to  the  boiling  point  and  add  ammonium 
hydroxide  gradually,  stirring  constantly  until  precipitation  is  com- 
plete and  a  very  slight  excess  of  ammonium  hydroxide  is  present. 
The  solution  should  be  alkaline  to  methyl  red.  Heat  to  the  boiling 
point,  stirring  occasionally  to  prevent  bumping,  and  boil  for  not  more 
than  1  minute.  Allow  the  bulky  gelatinous  precipitate  to  settle  for  a 
few  minutes,  filter,  and  collect  the  filtrate  in  a  600-cm3  beaker. 
Decant  the  clear  liquid  as  much  as  possible  and  then  bring  the  precipi- 
tate on  the  filter  paper,  taking  care  that  the  filter  is  neither  rilled  to 
within  more  than  2  or  3  mm  of  the  edge  nor  that  it  runs  dry;  in  the 
latter  case  the  gelatinous  hydroxides  will  tend  to  consolidate,  and 
filtration  and  washing  will  be  long  and  tedious. 

Wash  the  beaker  and  precipitate  two  or  three  times  with  a  hot 
solution  of  ammonium  nitrate  made  by  neutralizing  a  solution  of  2  cm3 
of  concentrated  nitric  acid  in  100  cm3  of  water  with  ammonium  hydrox- 
ide. Thorough  washing  is  not  necessary  at  this  point,  but  the  precipi- 
tate should  be  collected  in  the  bottom  of  the  filter  and  the  upper  edge 
of  the  filter  washed  clean. 

As  this  first  precipitate  contains  magnesium  as  well  as  calcium  and 
alkalies,  its  solution  and  reprecipitation  at  least  once  are  necessary. 
Carefully  remove  the  filter  and  its  contents  from  the  funnel  and  place 
in  the  400-cm3  beaker.  Add  10  cm3  of  concentrated  nitric  acid,  then 
100  cm3  of  water,  and  macerate  the  filter  paper  with  a  stirring  rod 
while  heating  to  dissolve  the  precipitate.  Reprecipitate  with  ammo- 
nium hydroxide  in  a  slight  excess  as  before  and  boil  for  not  more  than 
1  minute.  Filter  and  wash  the  precipitate  with  the  hot  ammonium 
nitrate  solution  until  free  of  chlorides.  Small  pieces  of  filter  paper 
may  be  used  to  remove  the  last  traces  of  precipitate  from  the  beaker. 
Combine  the  filtrate  with  that  from  the  first  ammonium  hydroxide 
precipitation  and  keep  for  determination  of  calcium  and  magnesium. 

Transfer  the  filter  and  contents  to  a  weighed  30-cm3  platinum 
crucible  and  dry  cautiously  on  the  hot  plate  or  at  a  considerable  dis- 
tance over  a  small  flame.  Ignite  at  a  low  temperature  until  the  paper 
is  charred,  then  incline  the  crucible  at  an  angle,  and  adjust  the  cover 
so  the  contents  have  free  access  to  air.  Heat  at  a  bright  red  heat  for 
about  30  minutes  and  then  blast  for  10  minutes  to  completely  dehy- 
drate the  alumina.  Cool  in  a  desiccator,  weigh,  and  repeat  ignition 
to  constant  weight.  The  ignited  precipitate  consists  of  A1203,  Fe203, 
Ti02,  and  P205.  The  percentage  of  A1203  is  obtained  by  difference 
after  the  Fe203  and  Ti02  in  the  ignited  precipitate  have  been  deter- 
mined and  the  P205  has  been  determined  on  a  separate  sample  by  the 
method  for  phosphorus  as  described  for  coal. 

If  no  provision  is  made  for  manganese  at  this  stage  of  the  analysis, 
it  will  be  distributed  mainly  between  the  calcium  and  magnesium,  the 
largest  part  being  precipitated  and  weighed  as  Mn2P207  along  with 
the  magnesium.  Very  little  will  be  precipitated  with  the  alumina 
when  two  precipitations  are  made  as  described.  For  most  coal  ashes 
manganese  may  be  disregarded,  as  the  small  amount  usually  present 
will  cause  only  slight  errors.  When  several  tenths  of  a  percent  of 
manganese  are  present  it  should  be  precipitated  with  the  alumina 
and  iron  by  adding  about  1  gram  of  ammonium  persulphate  to  the 
solution  just  before  each  precipitation  with  ammonium  hydroxide. 
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The  manganese  is  then  included  with  alumina,  being  weighed  as 
Mn304,  and  a  correction  may  be  applied  if  the  manganese  is  determined 
on  a  separate  sample. 

FERRIC   OXIDE 

Fuse  the  ignited  iron  and  aluminum  oxides  with  5  to  10  grams  of 
potassium  pyrosulphate,  heat  gently  until  the  salt  is  melted,  raise  the 
crucible  to  about  a  foot  over  the  flame,  and  regulate  the  temperature 
so  that  moisture  is  driven  off  without  boiling  or  spattering.  In  about 
half  an  hour  the  crucible  may  be  lowered  and  the  heat  gradually 
increased  until  the  bottom  of  the  crucible  is  faint  red.  The  liquid 
mass  becomes  dark  brown  as  the  oxides  are  dissolved,  but  when  the 
flame  is  removed  and  the  crucible  allowed  to  cool  somewhat  the  fusion 
becomes  lighter  in  color,  and  any  undissolved  substance  is  visible. 
Continue  fusion  for  1  to  2  hours  until  solution  is  complete. 

Place  the  cooled  crucible  with  100  cm3  of  water  in  a  250-cm3 
beaker,  add  5  cm3  of  dilute  sulphuric  acid  (1 : 1),  and  heat  to  dissolve 
the  melt.  Remove  the  cruciole  and  pass  a  current  of  hydrogen 
sulphide,  washed  with  water,  through  the  solution  as  it  is  gradually 
heated  to  boiling.  When  the  sulphur  becomes  coagulated  so  that  it 
may  be  filtered  readily  (any  platinum  in  solution  will  also  be  precipi- 
tated) allow  the  solution  to  cool  somewhat  without  interrupting  the 
gas  flow  and  then  filter  into  a  500-cm3  Erlenmeyer  flask.  Wash  six 
to  eight  times  with  water  containing  some  hydrogen  sulphide.  The 
filtrate  may  be  opalescent  because  of  finely  divided  sulphur.  Pass 
hydrogen  sulphide  through  the  solution  in  the  flask  for  a  few  minutes 
to  reduce  any  iron  that  may  have  been  oxidized  during  filtration,  the 
flask  being  closed  with  a  rubber  stopper  provided  with  two  holes 
carrying  a  tube  for  the  gas  and  a  short  tube  bent  at  right  angles  which 
just  passes  through  the  stopper.  Remove  the  hydrogen  sulphide  from 
the  solution  by  boiling  while  passing  carbon  dioxide  through  the  liquid 
in  the  flask  for  20  to  30  minutes.  Test  the  steam  for  hydrogen  sul- 
phide with  a  piece  of  filter  paper  moistened  with  lead  acetate  solution. 
After  removal  of  the  hydrogen  sulphide  quickly  cool  the  flask  in  cold 
water  while  carbon  dioxide  is  still  passing  through  the  liquid,  remove 
the  stopper,  and  titrate  the  cold  solution  with  0.1  N  potassium  per- 
manganate.    Reserve  this  solution  for  the  determination  of  Ti02. 

TITANIUM  DIOXIDE 

Add  10  cm3  of  concentrated  sulphuric  acid  to  the  solution  from  the 
iron  titration  and  dilute  to  250  cm3  in  a  volumetric  flask.  Remove 
50  cm3  with  a  pipette  and  transfer  to  a  100-em3  Nessler  tube.  If 
a  25-cm3  aliquot  portion  is  used,  dilute  to  50  cm3  with  5  percent  sul- 
phuric acid  (5:95).  Place  50  cm3  of  5  percent  sulphuric  acid  in  a 
similar  tube  and  add  enough  ferric  ammonium  sulphate  solution  to 
produce  the  same  depth  of  color  as  in  the  sample.  Add  5  cm3  of 
hydrogen  peroxide  (3-percent  solution)  to  each  tube  and  mix  thor- 
oughly. From  a  burette  add  standard  titanium  sulphate  solution 
(1  cm3  equivalent  to  0.001  gram  Ti02)  until  the  colors  match.  If 
one  tube  contains  more  liquid  than  the  other  because  of  the  addition 
of  reagents,  dilute  the  tube  containing  the  smaller  amount  with  5 
percent  sulphuric  acid  until  the  liquids  in  the  tubes  are  exactly  the 
same  depth  before  the  final  color  comparison  is  made.  Repeat  the 
comparison  with  another  portion  of  the  solution  and  take  the  mean 
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value,  providing  the  results  check  within  0.1  percent.  If  the  variation 
is  greater,  make  a  third  comparison  and  average  the  three  results. 
Any  of  the  standard  forms  of  colorimeters  give  excellent  results  with 
this  method  and  are  useful  where  many  determinations  are  to  be 
made. 

PHOSPHORUS  PENTOXIDE 

Phosphorus  is  determined  on  a  0.5-gram  sample  of  ash  by  the 
method  described  for  coal.  The  weight  of  sample  advantageously 
may  be  varied  so  that  it  contains  0.0005  to  0.002  gram  of  phosphorus. 
Phosphorus  is  reported  as  Po05. 

MANGANESE  OXIDE37 

Treat  a  1-gram  sample  of  ash  in  a  platinum  crucible  with  4  cm3  of 
concentrated  sulphuric  acid,  10  cm3  of  water,  and  10  to  20  cm3  of 
hydrofluoric  acid  and  evaporate  until  the  sulphuric  acid  fumes  freely. 
Allow  the  mixture  to  cool  and  dissolve  in  25  cm3  of  dilute  nitric  acid 
(1  :  3).  Filter  into  a  300-cm3  Erlenmeyer  flask  and  if  an  appreciable 
residue  remains  ignite  and  fuse  the  residue  with  a  small  amount  of 
potassium  pyrosulphate.  Dissolve  in  dilute  nitric  acid  (1 :3),  add  to 
the  main  solution,  and  dilute  to  50  cm3  with  the  nitric  acid.  Add 
about  0.5  gram  of  sodium  bismuthate  and  heat  to  boiling  to  destroy 
any  reducing  substances  present;  then  add  a  few  drops  of  a  5-percent 
solution  of  ferrous  sulphate  or  sodium  thiosulphate  to  remove  any 
manganese  dioxide  and  permanganate  that  may  have  formed  and 
boil  for  a  few  minutes  until  all  nitrous  oxide  has  been  driven  off.  Cool 
to  10°  to  20°  C,  add  an  excess  of  sodium  bismuthate  to  the  cold  solu- 
tion, and  shake  for  1  minute.  Add  50  cm3  of  dilute  nitric  acid  (3  :  100) 
through  which  air  has  been  bubbled  to  remove  nitrous  oxide,  filter 
through  asbestos  on  a  Gooch  crucible,  and  wash  with  50  to  100  cm3 
of  the  same  acid.  Add  exactly  0.5  gram  of  ferrous  ammonium  sul- 
phate to  the  filtrate,  shake  to  dissolve  the  salt,  add  another  0.5  gram 
if  the  permanganate  is  not  decolorized,  and  titrate  the  excess  ferrous 
salt  with  0.1  N  potassium  permanganate.  Determine  the  number  of 
cubic  centimeters  of  standard  permanganate  equivalent  to  0.5  gram 
of  the  ferrous  ammonium  sulphate  under  similar  conditions.  The 
iron  value  of  the  standard  permanganate  times  0.1967  equals  its 
manganese  value.  Manganese  is  reported  as  MnA;  this  is  sub- 
tracted from  the  alumina  value  when  the  manganese  is  collected  in  the 
ammonium  hydroxide  precipitate. 

CALCIUM  OXIDE 

Evaporate  the  combined  filtrates  from  the  precipitations  by  am- 
monium hydroxide  to  about  400  cm3.  Add  enough  ammonium 
hydroxide  to  make  the  solution  decidedly  ammoniacal  and  heat  to 
boiling.  Slowly  add  1  gram  of  ammonium  oxalate  dissolved  in  25 
to  50  cm3  of  hot  water  to  the  boiling  ammoniacal  solution,  stirring 
constantly  to  precipitate  the  calcium.  Continue  the  boiling  for  a  few 
minutes  and  allow  the  solution  to  stand  for  an  hour  or  more  before 
filtering.  Filter  and  wash  the  beaker  and  precipitate  two  or  three 
times  with  hot  water. 

':  Low,  A.  H.,  Technical  Methods  of  Ore  Analysis:  John  Wiley  &  Sons,  Inc.,  New  York,  10th  ed.,  1927, 
p.  150. 
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Dissolve  the  precipitate  with  25  to  50  cm3  of  warm  dilute  hydro- 
chloric acid  (1:  5),  washing  through  the  filter  into  the  beaker  in  which 
the  precipitation  was  made,  and  dilute  to  100  cm3.  Add  about  1 
cm3  of  saturated  ammonium  oxalate  solution,  heat  to  boiling,  and 
reprecipitate  the  calcium  by  slowly  adding  ammonium  hydroxide 
until  the  solution  is  alkaline  to  methyl  red  and  an  excess  of  1  to  2 
cm3  of  ammonium  hydroxide  is  present.  Continue  boiling  for  a 
few  minutes  and  allow  to  stand  for  1  hour  before  filtering.  Wash 
the  paper  and  precipitate  two  or  three  times  with  hot  water.  Avoid 
more  washing  because  of  the  appreciable  solubility  of  calcium  oxalate. 
Ignite  the  paper  and  precipitate  in  a  platinum  crucible  over  a  Meker 
burner  for  about  20  minutes,  cool  in  a  desiccator,  and  weigh  as  cal- 
cium oxide.  Repeat  the  ignition  for  5-minute  periods  until  the 
weight  is  constant. 

MAGNESIUM   OXIDE38 

Evaporate  the  filtrates  from  the  calcium  to  300  to  400  cm3  and 
add  methyl  red  indicator,  about  5  cm3  of  concentrated  hydrochloric 
acid,  and  10  cm3  of  a  saturated  solution  of  (NH4)2HP04.  Then  add 
ammonium  hydroxide  (specific  gravity,  0.90)  slowly,  while  stirring, 
to  neutralization;  when  the  precipitate  is  well-formed  add  an  excess 
of  10  to  15  cm3.  Let  stand  at  least  4  hours,  preferably  overnight, 
filter,  and  wash  with  water  containing  3  percent  by  volume  of  am- 
monium hydroxide.  Dissolve  the  precipitate  by  washing  on  the 
filter  with  warm  dilute  hydrochloric  acid  (1:5)  and  dilute  the  solution 
to  100  to  150  cm3.  Add  methyl  red  indicator  and  about  1  cm3  of 
(NH4)2HP04  solution.  Cool  and  finish  the  precipitation  as  before, 
using  an  excess  of  5  to  10  cm3  of  ammonium  hydroxide,  and  allow  to 
stand  at  least  4  hours.  Filter  the  solution  and  wash  the  precipitate 
free  of  chlorides  with  3  percent  ammonium  hydroxide.  Place  the 
paper  and  precipitate  in  a  weighed  platinum  crucible,  char  without 
flaming,  and  ignite  at  a  low  temperature,  with  the  crucible  lid  adjusted 
to  permit  circulation  of  air.  Finally  ignite  to  constant  weight  at 
the  highest  temperature  of  a  Meker  burner.  Multiply  the  weight 
of  ignited  Mg2P207  by  0.3621  to  obtain  the  weight  of  MgO. 

SULPHUR  TRIOXIDE 

Weigh  1  gram  of  sample,  mix  in  a  30-cm3  platinum  crucible  with 
4  to  5  grams  of  anhydrous  sodium  carbonate  and  about  0.2  gram  of 
potassium  nitrate.  Carefully  fuse  the  mixture,  cool,  and  place  the 
crucible  in  a  250-cm3  beaker.  Add  100  cm3  of  hot  water,  1  cm3  of 
alcohol  to  reduce  any  sodium  manganate  that  may  be  present,  and 
digest  on  a  hot  plate  till  the  mass  disintegrates.  Remove  and  wash 
the  crucible  and  break  up  any  lumps  of  residue  with  a  glass  rod. 
Filter  into  a  400-cm3  beaker,  first  by  decantation,  then  transfer  the 
residue  to  the  paper,  and  wash  with  a  0.5-percent  solution  of  sodium 
carbonate  until  the  volume  of  the  filtrate  is  about  200  cm3.  Add  2 
or  3  drops  of  methyl  orange  indicator,  carefully  neutralize  with  hydro- 
chloric acid,  then  add  a  slight  excess.  Heat  to  boiling  and  add  10 
cm3  of  10-percent  barium  chloride  solution.  Boil  for  a  few  minutes 
and  allow  to  stand  for  at  least  2  hours  at  a  temperature  just  below 
boiling.     Filter  on  a  close-textured  paper  and  wash  with  hot  water 

38  Epperson,  A.  W.,  The  Pyrophosphate  Method  for  the  Determination  of  Magnesium  and  Phosphoric 
Anhydride:  Jour.  Am.  Chem.  Soc,  vol.  50,  1928,  pp.  321-333. 
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until  free  of  chlorides.  Ignite  in  a  weighed  porcelain  crucible,  cool 
in  a  desiccator,  and  weigh  the  barium  sulphate.  From  this  weight 
calculate  the  percentage  of  S03  in  the  sample. 

SODIUM  AND  POTASSIUM  OXIDES 

Accurate  determination  of  the  alkalies  Na20  and  K20  requires 
considerable  skill  and  experience.  The  det ermina  t ion  is  long  and 
tedious  and  consequently  expensive.  For  most  purposes  it  is  not 
necessary  to  know  the  exact  amounts  of  Na20  and  of  K20  present; 
usually  the  amount  of  combined  alkalies,  Na20  plus  K20,  is  sufficient. 
This  can  be  estimated  by  difference,  that  is,  by  subtracting  the  sum 
of  Si02,  A1203,  Fe203,  M113O4,  Ti02,  P205,  CaO,  MgO,  and  S03  from  100. 

Weigh  0.5  gram  of  a  very  finery  ground  portion  of  the  sample  and 
an  equal  amount  of  ammonium  chloride  and  grind  together  in  an  agate 
mortar.  Weigh  4  grains  of  calcium  carbonate,  place  a  small  amount 
in  the  bottom  of  a  30-cm3  platinum  crucible,  transfer  all  but  half  a 
gram  of  the  remaining  amount  to  the  agate  mortar,  and  grind  with 
the  sample  and  the  ammonium  chloride.  Transfer  to  the  platinum 
crucible,  gently  tap  to  settle  it,  and  add  the  remaining  half  gram  of 
calcium  carbonate  to  form  a  cover  over  the  crucible  contents. 

Cover  the  crucible  and  insert  in  a  tight-fitting  hole  cut  in  a  square 
of  asbestos  board  so  only  the  lower  third  of  the  crucible  is  exposed  to 
the  flame.  Place  a  porcelain  capsule  filled  with  water  on  top  of  the 
crucible  cover  and  heat  for  about  15  minutes  over  a  flame  kept  so  low 
that  ammonium  chloride  does  not  escape.  The  latter  is  dissociated 
into  ammonia  and  hydrochloric  acid  by  the  heat,  and  the  acid  unites 
with  calcium  carbonate  and  the  alkalies  to  form  chlorides.  Gradually 
increase  the  flame  until  the  lower  third  of  the  crucible  is  heated  to  a 
bright  red  and  continue  the  heating  for  about  45  minutes. 

When  the  crucible  is  cool  add  2  to  3  cm3  of  water  to  slack  the  mix- 
ture and  transfer  to  a  platinum  dish  with  the  aid  of  hot  water,  using 
not  more  than  50  cm3.  Rub  the  partly  disintegrated  mass  with  an 
agate  pestle,  boil  gently  for  a  few  minutes,  and  decant  the  liquid 
through  a  qualitative  filter  paper  into  a  600-cm3  beaker.  Add  a  little 
more  water  to  the  residue  in  the  dish,  rub  up  again  with  the  agate 
pestle,  boil  a  few  minutes,  and  decant  through  the  filter  paper.  Re- 
peat the  operation  and  bring  all  of  the  residue  on  the  filter,  washing 
dish  and  filter  with  hot  water  until  the  volume  of  the  filtrate  is  about 
300  cm3.  Test  the  thoroughness  of  disintegration  by  dissolving  a 
portion  of  the  residue  on  the  filter  in  hydrochloric  acid;  the  residue 
should  dissolve  almost  completely  in  hydrochloric  acid. 

To  the  filtrate  add  2  to  3  cm3  of  ammonium  hydroxide  and  heat  to 
boiling;  then  add  50  cm3  of  a  solution  containing  1%  to  2  grams  of 
ammonium  carbonate  per  50  cm3  and  continue  boiling  for  a  minute 
to  precipitate  the  calcium;  only  a  trace  will  remain,  and  this  is  sepa- 
rated later.  The  alkalies  are  left  in  solution  as  chlorides  along  with 
the  ammonium  chloride.  Ammonium  hydroxide  is  added  to  prevent 
the  formation  of  soluble  calcium  bicarbonate.  In  preparing  the 
ammonium  carbonate  solution  heat  should  not  be  applied  as  this  will 
decompose  it.  Allow  the  precipitate  to  settle,  then  filter  through  a 
9-cm  filter  paper  into  a  large  silver  basin  (1,000  cm3  capacity)^  and 
wash  with  hot  water  until  free  of  chlorides.     Dissolve  the  precipitate 
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in  a  slight  excess  of  hydrochloric  acid  and  repeat  the  precipitation  and 
filtration. 

Evaporate  the  combined  filtrates  in  the  silver  basin  on  a  steam 
bath  to  about  50  cm3  and  transfer  to  a  small  platinum  dish,  thor- 
oughly rinse  the  large  basin  with  hot  water,  and  evaporate  the  fil- 
trates to  dryness.  Dry  the  covered  dish  in  a  drying  oven  at  110°  C. ; 
then  place  on  a  hot  plate  at  heat  low  enough  to  avoid  danger  of  de- 
crepitation. Finally  heat  over  a  free  flame  until  all  ammonium 
chloride  is  driven  off;  great  care  should  be  exercised  to  prevent  over- 
heating and  melting  of  the  salts,  which  might  result  in  vaporization 
of  alkali  chlorides. 

After  the  residue  has  cooled  add  10  to  15  cm3  of  hot  water  and  1 
or  2  drops  of  barium  chloride  solution;  then  without  filtering  add  1  or 
2  drops  of  ammonium  hydroxide  and  a  few  drops  of  ammonium 
carbonate  solution  to  precipitate  the  excess  barium  and  the  calcium. 
Place  the  dish  on  a  steam  bath  and  evaporate  almost  to  dryness. 
Add  2  to  5  cm3  of  hot  water  to  dissolve  the  salts  and  filter  through  a 
7-cm  filter  paper  into  a  weighed  50-cm3  platinum  crucible.  Wash 
the  dish  and  filter  paper  at  least  six  times,  using  3  to  4  cm3  each  time, 
until  free  of  chlorides.  Add  a  drop  of  dilute  hydrochloric  acid  to 
the  filtrate  to  decompose  any  alkali  carbonates  and  evaporate  to 
complete  dryness  on  the  steam  bath. 

Dry  the  crucible  in  an  oven  at  110°  C;  then  heat  carefully  over  a 
free  flame  to  drive  off  all  the  ammonium  chloride.  The  crucible 
should  be  covered  during  this  process  and  the  flame  kept  very  low. 
Remove  the  ammonium  chloride  from  the  cover  and  sides  of  the 
crucible  by  heating.  Cautiously  heat  the  salts  in  the  bottom  of  the 
crucible  with  a  small  flame  until  no  vapors  of  ammonium  chloride 
come  off  and  the  salts  just  begin  to  melt  in  places;  the  bottom  of  the 
crucible  should  not  be  heated  above  a  faint  red,  scarcely  visible  in 
daylight.  Ammonium  chloride  must  be  completely  expelled,  but 
any  vaporization  of  the  alkali  chlorides  must  be  avoided.  Cool  the 
crucible  in  a  desiccator  and  weigh.  Add  5  to  10  cm3  of  water  to 
dissolve  the  salts  and  filter  through  a  7-cm  filter  paper  into  a  small 
porcelain  evaporating  dish;  wash  crucible  and  filter  paper  until  free 
of  chlorides.  Place  filter  paper  in  crucible,  ignite,  and  weigh,  the 
difference  between  the  two  weights  being  the  weight  of  the  combined 
chlorides,  NaCl  and  KC1. 

To  the  liquid  in  the  evaporating  dish  add  chloroplatinic  acid  solu- 
tion containing  0.05  gram  of  platinum  per  cubic  centimeter.  The 
weight  in  grams  of  the  combined  chlorides  is  multiplied  by  34  to 
find  the  number  of  cubic  centimeters  of  chloroplatinic  acid  required. 
Carefully  evaporate  the  contents  of  the  dish  on  a  steam  bath,  shaking 
slightly  from  time  to  time,  until  the  mass  becomes  sirupy  and  solidi- 
fies upon  cooling.  Do  not  carry  the  evaporation  to  complete  dryness 
on  the  steam  bath,  as  the  sodium  salt  may  partly  dehydrate;  in  this 
form  it  is  less  soluble  in  alcohol  and  may  cause  high  results  for  potas- 
sium. 

When  cool  and  completely  solidified  add  5  to  8  cm3  of  alcohol 
(specific  gravity,  0.86)  and  allow  to  soak.  To  make  alcohol  of  this 
specific  gravity  mix  5  volumes  of  95  percent  etlryl  alcohol  with  1 
volume  of  distilled  water.  Stir  the  mixture  with  a  glass  rod  and 
break  up  all  large  particles.     Filter  through  a  weighed  Gooch  crucible 
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and  wash  several  times  by  decant  at  ion  with  alcohol  (specific  gravity, 
0.86);  then  transfer  the  solid  matter  to  the  Gooch  crucible  and  wash 
at  least  six  times.  Dry  at  130°  C.  in  a  drying  oven  for  30  minutes, 
cool  in  a  desiccator,  weigh  the  K2PtCl6,  and  reheat  for  15  minutes  to 
constant  weight. 

A  blank  on  all  of  the  reagents  should  be  run  with  the  regular  deter- 
mination, and  blank  corrections  should  be  deducted  from  the  weight 
of  combined  chlorides  and  the  weight  of  K2PtCl6. 

The  weight  of  K2PtCla  is  multiplied  bv  6.194  to  obtain  the  weight 
of  K,0. 

The  weight  of  Xa20  is  determined  by  difference:  The  weight  of 
K.PtC'L-  is  multiplied  by  0.307  to  convert  it  to  KC1,  and  this  weight 
is  deducted  from  the  weight  of  combined  chlorides  to  find  the  weight 
of  the  remaining  XaCl.  The  weight  of  NaCl  is  then  multiplied  by 
0.5303  to  obtain  the  weight  of  Xa20. 

SOLUTIONS  USED  FOR  COAL-  AND   COKE-ASH  ANALYSIS 

0.1  N  potassium  permanganate. — Weigh  3.20  grams  of  potassium 
permanganate  for  each  liter  of  solution  required.  Dissolve  in  dis- 
tilled water  and  allow  the  solution  to  stand  for  several  weeks  before 
filtering  through  asbestos  and  standardizing  with  sodium  oxalate.39 
Transfer  0.3  gram  of  sodium  oxalate  (dried  at  105°  C.)  to  a  600-cm3 
beaker.  Add  250  cm3  of  diluted  sulphuric  acid  (5  :  95)  previously 
boiled  for  10  to  15  minutes  and  then  cooled  to  27°  ±3°  C. ;  stir  until 
the  oxalate  has  dissolved.  Then  add  39  to  40  cm3  of  0.1  N  potassium 
permanganate  at  a  rate  of  25  to  35  cm3  per  minute  while  stirring 
slowly.  Let  stand  until  the  pink  color  disappears  (about  45  seconds). 
To  complete  the  titration  heat  to  55°  to  60°  C.  and  add  permanganate 
until  a  faint  pink  color  persists  for  30  seconds.  Add  the  last  0.5  to  1 
cm3  drop  by  drop,  taking  care  to  allow  each  drop  to  become  decolorized 
before  the  next  is  introduced.  Deduct  a  blank  (0.03  to  0.05  cm3) 
determination  made  in  another  beaker  having  the  same  volume  of 
acid  and  hot  water.  The  standard  is  conveniently  expressed  as 
grams  of  Fe203  per  cubic  centimeter  of  potassium  permanganate. 

Standard  titanium  dioxide  solution.*0 — Potassium  titanium  fluoride 
(K2TiF6)  serves  best  as  the  starting  point  for  the  preparation  of  the 
standard  solution.  Recrystallize  a  quantity  from  boiling  water  in 
platinum  one  or  more  times,  dry,  and  preserve  in  a  glass-stoppered 
bottle.  Roughly  weigh  enough  of  the  salt  to  give  a  little  more  than 
1  gram  of  Ti02,  transfer  to  a  platinum  dish,  treat  with  100  cm3  of 
dilute  sulphuric  acid  (1:1),  and  evaporate  until  fumes  of  sulphuric 
acid  escape  freely.  Cool,  wash  down  the  sides  of  the  dish,  evaporate 
as  before,  and  then  repeat  the  operation  to  make  sure  that  all  hydro- 
fluoric acid  is  expelled.  Cool  and  dilute  with  water  to  1  liter.  With- 
draw two  or  more  50-cm3  portions,  dilute  to  200  cm3,  heat  to  boiling, 
and  add  a  slight  excess  of  ammonium  hydroxide.  Continue  the  boiling 
for  1  to  3  minutes,  filter,  and  wash  the  precipitate  with  hot  water  until 
free  of  alkali  salts.  Ignite  the  precipitate  over  the  blast  lamp,  cool 
in  a  desiccator,  weigh,  and  repeat  ignition  to  constant  weight.  Then 
calculate  the  Ti02  content  per  cubic  centimeter  of  solution. 

■'•  Fowler,  R.  M.,  and  Bright,  H.  A.,  Standardization  of  Permanganate  Solutions  with  Sodium  Oxalate: 
National  Bureau  of  Standards  Jour.  Res.,  vol.  15,  November  1935,  pp.  493-501. 

•*  Hillehrand,  W.  F.,  and  Lundell,  O.  E.  F.,  Applied  Inorganic  Analysis:  John  Wiley  &  Sons,  Inc., 
New  York,  1929,  p.  458. 
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Ferric  ammonium  sulphate  solution  for  titanium 

Ferric  ammonium  sulphate grams.  _   8.  6 

Sulphuric  acid cm3..       5 

Water cm3. .     95 

1  cubic  centimeter  will  contain  approximately  0.01  gram  of  iron. 

DETERMINATION    OF   FERRIC   OXIDE,  FERROUS   OXIDE,    AND 
METALLIC  IRON  IN  COAL-ASH  SLAGS  AND  CLINKERS 

The  forms  of  iron  in  coal-ash  slags  and  clinkers  are  sometimes  deter- 
mined in  connection  with  studies  concerning  ash  composition  as 
related  to  ash  fusibility  and  ash  viscosity,  particularly  with  reference 
to  slag-tap  furnaces.  The  degree  of  oxidation  of  the  iron  is  one  of  the 
variables  that  affect  the  temperature  at  which  various  stages  of  fusion 
occur.  The  method  is  empirical  in  nature,  and  it  is  difficult  to  deter- 
mine its  accuracy.  It  is  given  here  because  of  numerous  requests  for 
such  information. 

PREPARATION  OF  SAMPLE 

A  hard  steel  mortar  should  be  used  in  crushing  the  sample.  The 
pestle  should  not  be  twisted  or  turned  as  such  motion  will  contaminate 
the  sample  with  metallic  iron  from  the  mortar  and  pestle.  The 
sample  should  be  crushed  to  pass  a  No.  60  sieve. 

TOTAL  IRON 

Mix  0.5  gram  of  the  sample  in  a  platinum  crucible  with  the  larger 
part  of  3  to  4  grams  of  sodium  carbonate  and  cover  the  mixture  with 
the  remainder  of  the  sodium  carbonate.  Fuse  the  mixture  for  Y%  to  % 
hour,  heating  gently  at  first  until  the  mass  sinters,  then  increasing 
the  heat  until  fusion  is  complete.  Place  the  cooled  crucible  and  lid  in 
a  250-cm3  beaker,  add  about  50  cm3  of  water,  cover  with  a  watch  glass, 
and  add  15  to  20  cm3  of  concentrated  hydrochloric  acid.  Heat  on  a 
hot  plate  until  the  melt  is  dissolved ;  then  remove  the  crucible  and  lid 
and  rinse  with  distilled  water,  using  a  rubber-tipped  stirring  rod  if 
necessary. 

Add  ammonium  hydroxide  to  the  hot  solution  until  the  iron  is 
precipitated  and  then  2  or  3  drops  in  excess  and  boil  for  1  minute. 
If  the  solution  contains  ferrous  iron,  as  shown  by  a  greenish  color 
of  the  precipitate,  bromine  water  should  be  added  to  oxidize  the  iron 
before  the  precipitation  is  completed.  Filter  and  wash  the  precipi- 
tate five  or  six  times  with  hot  water  and  transfer  the  larger  part  to 
the  beaker  in  which  the  precipitation  was  made;  spread  the  filter 
paper  out  on  the  side  of  the  beaker  and  wash  the  precipitate  off  with 
a  small  quantity  of  water.  Dissolve  any  precipitate  adhering  to  the 
paper  by  washing  alternately  with  hot,  dilute  hydrochloric  acid 
(1:1)  and  hot  water,  using  10  to  15  cm3  of  the  acid. 

Heat  on  a  hot  plate  to  dissolve  the  iron  and  evaporate  without 
boiling  to  10  to  20  cm3.  Add  stannous  chloride  drop  by  drop  to 
the  hot  solution,  shaking  gently,  until  colorless  and  then  1  drop  in 
excess.  Wash  down  the  sides  of  the  beaker  with  cold  water  and 
dilute  to  about  75  cm3.  Cool  rapidly  to  room  temperature,  add  10 
cm3  of  saturated  mercuric  chloride  solution,  and  transfer  to  a  600- 
cm3  beaker  containing  300  cm3  of  cold  water  and  10  cm3  of  titrating 
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solution.  Titrate  with  standard  potassium  permanganate  until  a 
faint  pink  color  persists.  Subtract  a  blank  titration  made  on  the 
reagents.  This  determination  gives  total  iron.  The  total  iron 
calculated  to  Fe_>03  minus  Fea03  equivalents  of  the  ferrous  oxide  and 
the  metallic  iron  equals  the  ferric  oxide  in  the  sample. 

Note. — (1)  Silica  is  not  removed  as  it  does  not  interfere  with  the  titration. 
Breaking  up  the  flakes  of  silica  with  a  glass  rod  will  facilitate  the  reduction  of  the 
last  traces  of  iron  with  stannous  chloride. 

J1  The  precipitation  with  ammonia  removes  the  excess  chloride  salts. 
Chlorides  are  then  kept  down  to  a  safe  limit  by  using  only  10  to  15  cm3  of  dilute 
hydrochloric  acid  (1  :  1)  to  dissolve  the  iron  precipitate. 

(3)  Total  iron  in  coal  ash  may  be  determined  by  this  procedure. 

(4)  When  the  metallic  iron  is  high  or  much  carbon  is  present  it  is  advisable 
to  treat  the  sample  first  with  hydrochloric  acid,  then  filter,  and  ignite  and  fuse 
the  residue  with  sodium  carbonate. 

FERROUS  IRON 

Weigh  0.2  to  0.5  gram  of  sample,  depending  on  the  amount  of 
ferrous  iron  present,  and  transfer  to  a  50-cm3  platinum  crucible. 
A  small  spiral  of  platinum  wire  placed  in  the  crucible  will  prevent 
bumping  during  boiling.  The  crucible  should  be  placed  in  a  hole 
cut  in  a  piece  of  asbestos  board  so  its  lower  two-thirds  is  exposed  to 
the  flame  of  a  Meker  burner.  Add  15  cm3  of  dilute  sulphuric  acid 
(1:3)  and  heat  almost  to  boiling,  passing  a  current  of  carbon  dioxide 
under  the  cover  by  means  of  a  glass  tube;  then  add  5  to  10  cm3 
of  hydrofluoric  acid  and  boil  gently  for  5  to  10  minutes.  Continue 
the  stream  of  carbon  dioxide  under  the  cover  during  the  boiling. 
Place  the  crucible  and  contents  in  a  600-cm3  beaker  containing  350 
cm3  of  recently  boiled  and  cooled  boric  acid  solution  (15  grams 
H3BO3  to  350  cm3  of  water)  and  titrate  with  standard  potassium 
permanganate.  Subtract  a  blank  titration  made  on  the  reagents. 
This  determination  gives  the  ferrous  iron  plus  any  metallic  iron  that 
may  be  present.  The  determined  iron,  calculated  to  FeO,  minus 
the  FeO  equivalent  of  the  metallic  iron  equals  the  ferrous  oxide  in 

the  sample. 

METALLIC  IRON 

Transfer  0.5  to  1.0  gram  of  the  sample  to  a  250-cm3  beaker  and  add 
60  cm3  of  a  5-percent  mercuric  chloride  solution.  Cover  the  beaker 
with  a  watch  glass  and  digest  on  the  hot  plate  for  1  hour  but  do  not 
allow  to  boil.  Filter  into  a  400-cm3  beaker  and  wash  with  a  cold  2- 
percent  solution  of  mercuric  chloride.  Dilute  the  filtrate  to  300  cm3 
with  cold  water,  add  10  cm3  of  titrating  solution,  and  titrate  with  the 
standard  potassium  permanganate.  Deduct  a  blank  determination 
made  on  the  reagents.  If  more  than  2  percent  of  metallic  iron  is 
present,  reduce  the  amount  of  sample  to  give  not  more  than  0.01  gram 
of  metallic  iron.     This  titration  gives  the  metallic  iron  in  the  sample. 

SOLUTIONS  FOR  IRON  FORMS 

0.1  N  potassium  permanganate. — Standardize  with  sodium  oxalate 
as  previously  described.  It  is  convenient  to  express  the  standard 
value  in  terms  of  Fe203,  FeO,  and  Fe  per  cubic  centimeter  of  potassium 
permanganate. 
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Stannovs  chloride. — Add  hydrochloric  acid  and  water  to  stannous 
chloride  and  heat  until  solution  is  complete. 

Stannous  chloride grams.-     62.  5 

Hydrochloric  acid  (specific  gravity,  1.20) cm3__    125 

Water cm3__    125 

Titrating  solution. — The  titrating  solution  follows: 

Manganous  sulphate,  crystallized grams- _  90 

Water cm3__  650 

Sulphuric  acid  (specific  gravity,  1.84) cm3-_  175 

Phosphoric  acid  (specific  gravity,  1.71) cm3^  175 

Mercuric  chloride,  saturated  solution. — Dissolve  about  40  grams  in 
500  cm3  of  hot  water  and  cool  to  room  temperature. 

TOLERANCES 

Permissible  differences  between  two  or  more  determinations  which 
should  not  be  exceeded  in  making  determinations  by  the  methods 
described  in  this  paper  are  given  below.  These  apply  to  determina- 
tions made  in  the  same  laboratory  on  the  pulverized  laboratory  sample 
and  by  different  laboratories  on  duplicate  samples  prepared  from  the 
pulverized  coal  or  coke. 

Permissible  differences 

A.  On  laboratory  samples  crushed  to  pass  a  20-mesh  sieve:  some        Different 

Moisture :  laboratory  laboratories 

Under  5  percent 0.  2  0.  3 

Over  5  percent .3  .5 

B.  On  laboratory  samples  crushed  to  pass  a  60-mesh  sieve: 

1.  Moisture: 

Under  5  percent .2  .3 

Over  5  percent .3  .5 

2.  Ash: 

No  carbonates  present .2  .3 

Carbonates  present .3  .5 

Coals  with  more  than  12  percent  of  ash,  contain- 
ing carbonate  and  pyrite .5  1.0 

3.  Volatile  matter: 

Anthracite  and  coke .2  .4 

Semianthracite,  bituminous  coal,  subbituminous 

coal,  and  chars .5  1.0 

Lignite  and  peat 1.0  2.0 

4.  Sulphur: 

Coal,  under  2  percent .05  .10 

Coal,  over  2  percent .10  .20 

Coke .03  .05 

5.  Ultimate  analysis: 

Carbon ' .3 

Hydrogen .  07 

Nitrogen .  05 

6.  Calorimetric  determination: 

Permissible  differences,  percent .3  .5 

7.  Fusibility  of  coal  ash: 

Permissible  differences,  °  C 30  50 
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